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EXECUTIVE SUMMARY 

This work plan descnbes and establishes a program for the charactenzation of background soils 
for the Rocky Flats Plant (RFP) The plan descnbes how data representahve of RFP 
background in soils will be collected and analyzed using a number of stahstical techniques 
Background soil informahon will provide baseline data for other environmental programs that 
monitor for potenhal contaminant releases 

Development of this work plan followed the U S Environmental Protechon Agency’s (EPA’s) 
data quality objechves (DQOs) process and included a demled review and analysis of existing 
inveshgahons Previous mveshgations were reviewed and documented to a d  in the identification 
of data needs and to guide development of a sampling design plan Two data needs were 
idenbfied which include (1) additional background surface soil informahon, and (2) background 
soil profile information 

For surface soils, an exploratory data analysis (EDA) was performed to provide a rahonale for 
the spahal distnbuhon and number of sampling locations The EDA resulted in the following 
conclusions 

For fallout radionuclides, a remote (off-site) sampling program at locahons along the 
Colorado Front Range physically similar to RFP is appropnate to charactenze 
background condihons in surface soils The analysis indicated that approximately 
50 samples were necessary to adequately charactenze background for fallout 
radionuclides 

For naturally-occumng radionuclides, metals, and semivolatile organic compounds, 
a sampling program in the vicinity of the Rock Creek Dramage north of RFP is 
appropnate to augment exishng background surface soil data The analysis indicated 
that approximately 20 additional samples were appropnate to charactenze 
background for these consQtuents 

P \EGG-RFP\Area8\859\UPText\Exec BKG (October 4, 1994) 
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With regard to soil profiles, the need for additional data in background areas was idenbfied to 
provide the following information 

Distnbuhon of analytes in genehc honzons 
Physical/chemical/mineralogical/biological parameters in genebc honzons 
Soil ecological and pedological data 

Quahty assurance (QA) measures and procedures for analysis and reporting of the information 
collected have been documented in this work plan As set forth in this work plan, field sampling 
is currently scheduled to begin in May, 1994 A final report for the surface soil sampling 
program will be produced dunng Summer, 1995 and a final report for the soil profile program 
will be produced dunng Fall, 1995 

P \EGG-RFP\Area8\859\WPText\Exec BKG (October 4, 1994) 
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1.0 INTRODUCTION 

This work plan descnbes the staged development of the Rocky Flats Plant (RFP) Background 
Soils Charactenzahon Program (BSCP) The work plan contams nine sechons Introduction, 
Physical Sethng, Previous Investigahons, Data Quality Objectwes @QOs), Field Samplmg Plan, 
Data Interpretahon and Reportmg, Quality Assurance (QA) Addendum, Schedule, and 
Bibliography 

1.1 BACKGROUND 

RFP is a government-owned, contractor-operated facility, and was part of the nationwide nuclear 
weapons producbon complex 

The histoncal mission of RFP was to fabncate nuclear weapons components from plutonium, 
uranium, and nonradioachve metals (principally berylhurn and starnless steel) Additionally, the 
plant reprocessed plutonium that was removed from obsolete weapons Both radioactive and 
nonradioachve wastes were generated at the plant Present waste-handling practices involve 
recycling of hazardous matenals, on-site storage of hazardous, radioachve, and mixed wastes, 
as well as off-site disposal of radioachve matenals Preliminary assessments under the 
Environmental Restoration (ER) Program idenhfied some of the past on-site storage and disposal 
locations as potential sources of environmental contamination 

RFP is in transihon from a weapons production site to an environmental and waste management 
site The activihes underway at RFP are consistent with down-sizing and consolidation of the 
DOE weapons complex A Transition Team consistmg of EG&G Rocky Flats, Inc (EG&G) 
and U S Department of Energy (DOE) personnel is leading these efforts 

The RFP ER Program is part of the national DOE ER Program, which was established to 
remediate inachve waste sites at DOE facilities The DOE ER Program is mandated to 
remediate waste sites in compliance with environmental laws and regulations, while mantaming 
human health and safety as well as protechng the environment Specifically, the program 

P \EGG-RFP\Area8\859\WText\Sec-l.BKG (October 5, 1994) 
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includes site identification and charactenzation, remedial design and remedial action, and post- 
closure activities such as monitonng and field inspections at inactive radioactive, hazardous, and 
mixed-waste sites This task directly supports the ER Program by providing baseline 
information for these activibes 

1.2 PURPOSE 

The purpose of this plan is to establish a program for the charactenzation of selected background 
soil parameters at RFP The plan descnbes how data representative of RFP background will be 
collected and analyzed Reasons for implementing the RFP BSCP follow 

Background soil data will provide a baseline aganst which soil data for Resource 
Conservabon and Recovery Act (RCRA) Facility Investigabon (RFI)/Comprehensive 
Environmental Response, Compensation and Liability Act (CERCLA) Remedial 
Investigabon (RI) may be compared for idenbfying contaminabon at RFP operable 
units (OUs) These data may also be used in establishing reasonable remediation 
goals and justifying a waver for complying with Applicable or Relevant and 
Appropnate Requirements (ARARs) and to provide a benchmark in assessing 
environmental and human health nsks due to contamination at RFP 

The BSCP is a requirement of the RFP Interagency Agreement (IAG), a legal 
agreement between the State of Colorado, represented by the Colorado Department 
of Health (CDH), U S Environmental Protection Agency (EPA), and the DOE 

The BSCP contnbutes to the geochemical charactenzation of the RFP site as 
mandated by DOE Order 5400 1 

Background soil chemistry and physical properties data will supplement other site- 
wide soil charactenzation studies and provide a baseline for other environmental 
programs that monitor for potential contaminant releases 

P \EGG-RFP\Area8\859\b/PText\Sec-l BKG (October 5, 1994) 
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For the purposes of the BSCP, the term "background" must be defined The EPA definibons 
(EPA, 1989a) are (1) "natural background" - ambient concentrations of chemicals present in 

the environment uninfluenced by human activihes, and (2) "anthropogenic background" - 
concentrations of chemicals consistently present in  the environment because of human-made, 
non-site-specific sources (1 e wide spread agnculture practices, automobiles, world-wide fallout 
levels, etc ) To dishnguish contaminants that were produced by activihes at RFP from 
contaminants present due to widespread human contaminahon, anthropogenic background will 
be used to define "background" in this study Background soil chemistry may be influenced by 
non-RFP anthropogenic sources These anthropogenic background sources have been considered 
in the Field Sampling Plan (Section 5 0) 

Because previous inveshgations have not adequately delineated or charactenzed background soil 
condihons, addittonal charactenzation is needed for the following reasons 

Histonc background data collecbon pnor to 1990 focused pnmmly on plutonium 
Some of those histonc sampling efforts may not have used consistent sampling 
methodologies useful for establishing a background database needed for 
RCRAKERCLA decisions regarding plutonium contamination at the RFP In 
addition to plutonium data, background data is needed for other potential 
contaminants of concern 

Currently, a clustered data set of sample locabons within the RFP buffer zone in the 
Rock Creek dmnage (the Ruck Creek data set) is being used for OU 
RCRAKERCLA decisions regarding background surface soil data An exploratory 
data analysis (EDA) of all avalable histonc data in and around RFP, discussed in 

Secbon 4 3 of this work plan, indicates that data are not sufficient to determine if 
the Rock Creek data set is located in an area unaffected by the RFP for plutonium 
Although the EDA indicates that the Rock Creek surface soils data set is located in 

an area unaffected by RFP for other potenhal contaminants of concern, an additional 
minimum of 17 samples needs to be collected to augment that data set for non- 
plutonium analytes 

P \EGG-RFP\Aree8\859\WPText\Sec-l BKG (October 5, 1994) 
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Correspondence among DOE, CDH, EPA, and EG&G has indicated the need for 
off-site sampling of surface soils 

Chemical, physical, and mineralogical charactenzation of soil honzons in major soil 
groups has not been invesbgated in previous background soil charactenzation efforts 
This information supports ongoing site-wide soils charactenzabon studies (Litaor, 
1993a) 

Two unique studies will be conducted under this plan to charactenze RFP background soils 
Chemical charactenzahon of the top five cenbmeters (cm) [two inches (in)] of soil in undisturbed 
areas is necessary to support RCRAKERCLA decisions Chemical, physical, and mineralogical 
charactenzahon of the upper 1 2 meters (m) [3 9 feet (ft)] of soil matenal in undisturbed areas 
supports sitewide soils charactenzabon efforts These two studies of RFP background soils 
supplement previous background charactenzabons of groundwater, surface water, sediment, and 
geologic matenals (EG&G, 1993a) 

P \EGG-RFP\Area8\859\WPText\Sec-l BKG (October 5, 1994) 
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2.0 PHYSICAL SETTING 

An understanding of the overall physical sethng of RFP and adjacent environs is important to 
successful project scoping and implementation RFP is located in northern Jefferson County, 
Colorado, approximately 26 lulometers (km) [16 miles (mi)] northwest of Denver (Figure 2-1) 
Other surrounding cihes include Arvada, Boulder, and Westminster, which are located less than 
16 km (10 mi) to the southeast, northwest, and east, respecovely RFP consists of 
approximately 2650 hectares (ha) (6,550 acres) of federally owned land in Sectlons 1 through 
4 and 9 through 15 of T2S, R70W, 6th Pnncipal Mendian Major buildings are located within 
the RFP secunty area of approximately 162 ha (400 acres) The secunty area is surrounded by 
a buffer zone of approximately 2,490 ha (6,150 acres) (Figure 2-2) 

The remamder of this sechon presents a discussion of the following elements of the site physical 
setting 

Topography 
Surface Water Hydrology 
Geology 
Hydrogeology 
Meteorology and Climatology 
Sitewide Soils 

2.1 TOPOGRAPHY 

The natural environment of RFP and vicinity is influenced pnmmly by its proximity to the 
Front Range of the Rocky Mounkuns RFP is directly east of the north-south trending Front 
Range, and is located about 26 km (16 mi) east of the Contmental Divide at an elevanon of 
approximately 1,830 m (6,000 ft) above mean sea level RFP is located on a broad, eastward 
sloping plain of coalescing alluvial fans developed along the Front Range The fans extend 
about eight km (five mi) in an eastward direction from their ongin at Coal Creek Canyon and 
terminate on the east at a break in slope to low rolling hills The operational area at the RFP 
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is located near the eastern edge of the fans on a terrace between stream-cut valleys (North 
Walnut Creek and Woman Creek) 

2.2 SURFACE WATER HYDROLOGY 

Three intermittent streams dmn RFP with flow generally from west to east These dramages 
are Rock Creek, Walnut Creek, and Woman Creek (Figure 2-2) Rock Creek dmns the 
northwestern comer of the RFP and flows northeast through the buffer zone to its off-site 
confluence with Coal Creek An east-west trending interfluve separates the Walnut Creek and 
Woman Creek dmnages North and South Walnut Creeks and an unnamed tnbutary dram the 
northern porhon of the RFP secunty area These three forks of Walnut Creek join in the buffer 
zone and flow toward Great Western Reservoir, which is approximately 1 6 km (one mi) east 
of the confluence However, this flow is routed around Great Western Reservoir by the 
Broomfield Diversion Canal, which is operated by the City of Broomfield Woman Creek drains 
the southern RFP buffer zone flowing eastward The Woman Creek flow is diverted onsite to 

Mower Reservoir via the Mower Ditch The South Interceptor Ditch lies between RFP and 
Woman Creek The South Interceptor Ditch collects runoff from the southern RFP secunty area 
and diverts it to Pond C-2 where it is monitored, treated and then pumped to the Walnut Creek 
watershed where it is released to the Broomfield Diversion Canal 

2.3 GEOLOGY 

Geologic units beneath RFP consist of unconsolidated surficial units of Quaternary age (Rocky 
Flats Alluvium, vanous terrace alluvia, valley fill alluvium, and colluvium), which 
unconformabl y overlie Cretaceous-aged bedrock (Arapahoe Formahon, Laramie Formahon, and 
Fox Hills Sandstone) (Figure 2-3) This geologic sequence forms part of a monoclinal fold 
whose western edge is composed of uplifted strata of Mesozoic age that become younger to the 
east Figure 2-4a and 2-4b shows the surficial geology of the RFP (EG&G, 1992) and Figure 
2-5 depicts the erosional surfaces and alluvial deposits in cross-secbon 
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Two groundwater flow systems are dishnguished in the current conceptual model of the 
subsurface hydrology of RFP The upper flow system is unconfined and lies within the Rocky 
Flats Alluvium, colluvium, valley-fill alluvium, and weathered bedrock The lower flow system 
is confined within unweathered bedrock sandstones of the lower Arapahoe and upper Laramie 
Formabons The two flow systems are probably in hydraulic connection where bedrock 
sandstone subcrops under surficial matenals Recharge to the unconfined flow system is from 
precipitabon, snowmelt, and water losses from ditches, streams, and ponds Groundwater 
movement in both flow systems is generally from west to east 

Groundwater levels in the upper flow system nse in response to recharge dunng the spnng and 
decline dunng the remamder of the year Dunng penods of high surface water flow, water is 
lost to bank storage in the valley-fill alluvium and returns to the stream after the runoff subsides 
In the western pornon of RFP, where the thickness of the alluvial matenal is greatest, the depth 
to the water table is 15 to 21 m (50 to 70 ft) below the surface The water table becomes 
shallower to the east (with local vanahons) as the alluvial matenal thins 

2.5 METEOROLOGY AND CLIMATOLOGY 

The area surrounding RFP has a semiand climate charactenstic of much of the central Rocky 
Mountam region Approximately 40 percent of the 38 cm (15 in) annual precipitation falls 
dunng the spnng season, much of it as snow Thunderstorms (June to August) account for an 
addibonal 30 percent of the annual precipitahon Autumn and winter are dner seasons, 
accountmg for 19 and 11 percent of the annual precipitation, respechvely Snowfall averages 
85 inches per year, falling from October through May (DOE, 1980) Temperatures are 
moderate, extremely warm and cold weather is usually of short duration On the average, daly 
summer temperatures range from 13 degrees Celsius (13" C) to 29" C [55" Fahrenheit (55" F) 
to 85" F], and winter temperatures range from -6 7" to 7 2°C (20" to 45°F) The low average 
relahve humidity (46 percent) is due to the moisture-bloclung effect of the Rocky Mounmns 
Wind, temperature, and precipitation data are collected on the plant site and summanzed 
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annually Figure 2-6 illustrates a typical annual summary of wind velocity and frequencies 
occumng at the RFP Winds at the RFP are predominantly northwesterly Winds greater than 
three meters per second (m/s) [6 7 miles per hour (mph)] with easterly components occur with 
a low frequency 

Special attenhon has been focused on dispersion meteorology surrounding the plant due to the 
possibihty that significant atmosphenc releases might affect the Denver metropolitan area, 
located in the predominant downwind direchon (southeast) Studies of atr flow and dispersion 
charactenshcs (e g , Hodgin, 1983, 1984) indicate that dmnage flows from the mountam to 
the west, turns and moves toward the north and northeast along the South Platte fiver valley and 
passes to the west and north of Bnghton, Colorado (DOE, 1980), which is just north of Denver 

2.6 SITEWIDE S O U  

Soils of the RFP site occur in a predictable pattern related to geologic parent matenals, 
geomorphic landforms, relief, climate, and natural vegetahon Recognizing the relauonships 
between types of soils and partmlar types of landscapes or segments of landscapes over a broad 
region that surrounds the FWP site area, the United States Department of Agnculture (USDA) 
Soil Conservahon Service (SCS) developed map unit models on aenal photographs to reasonably 
predict the lands of soils in an area The boundanes of the map units were refined and the map 
unit models tested by digging test pits and recording the charactenstics of the soil profiles 
studied 

A soil can be taxonomically classified, based on a parhcular set of soil properties (such as 
number and size of clasts, particle size distnbution, acidity, distnbuhon of plant roots, structure 
of soil aggregates, etc ) and the arrangement of honzons within the soil profile The soil 
taxonomic system is hierarchical, enabling categonzahon into increasingly greater dea l  The 
soil taxonomic system in increasing level of deml is order, suborder, great group, subgroup, 
and senes Figure 2-7 illustrates the SCS soil map units at the soil senes level Figure 2-8 
illustrates soils at the subgroup level, modified by parbcle size and depth class 
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Soil senes within a landscape type at RFP are similar at the subgroup level Soils of the RFP 
site are forming in associahon with the following four general landscape types and geologic map 
units 

Pediment soils located on the broad, dissected, eastward sloping pediment 
surface in the western pomon of the site These soils are associated with the 
Rocky Flats Alluvium geologic map unit (Qrf) 

Valley slope soils located in the stream-cut valleys of the intermittent 
Rock Creek, Walnut Creek, and Woman Creek dramages These are 
associated with the Laramie Formabon (Kl), Arapahoe Formation (Ka), 
and Landslide (Qls) geologic map units 

Hill soils of the eastern third of FWP These soils are similar to Valley Slope 
soils and are associated with the Laramie (Kl) and Arapahoe (Ka) 
Formahons Localized areas on hill summits are associated with Terrace 
Alluvium (Qta) 

Dramage bottom soils These soils are forming in recent alluvium (Qa) along 
drmnage bottoms 

Each of these landscape- and geology-associated soils are discussed and summanzed in the 
following subsecbons 

2.6.1 Pediment Soils 

The gently sloping (five percent slope or less) pediment surface is dominated by the deep, well 
drmned, Flatirons soil senes with a minor inclusion of the Valmont soil senes occurnng in the 
northeast comer of RFP, These soils are strongly developed soils that are forming in the Rocky 
Flats Alluvium (Qrf), the oldest and highest Pleistocene alluvium in the Denver area Rocky 
Flats Alluvium was formed by a senes of coalescing alluvial fans deposited by bmded streams 
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onginabng from the mouth of Coal Creek Canyon approximately five miles west of the RFP 
site 

Typically, the Flatirons soils (clayey-skeletal Andic Paleustolls) have a very cobbly, dark-brown 
surface honzon (A honzon), approximately 33 cm (13 in) thick, overlying a very gravelly, clay- 
nch, reddish-brown to dark red argillic honzon (Bt honzon) The Bt honzon is 76 to 150 cm 
(30 to 60 in) thick in the western pornon of RFP, thinning to about 30 cm (12 in) thick at the 
eastern extent of the Flatuons soil A discontmuous, calcium nch K honzon (caliche) underlies 
the Bt honzon in places The Flatnons soil extends to a depth of 150 cm (60 in) or greater As 
much as 15 percent of the pediment surface may be made up of inclusions of soils other than 
the Flabrons soils or disturbed land 

Sods forming on a distal reach of the Rocky Flats Alluvium pediment in the northeastern comer 
of the plant are of the Valmont senes The Valmont soils (loamy-skeletal, Andic Argiustolls) 
are similar to the Nederland senes descnbed in Secbon 2 6 2 

2.6.2 Valley Slope Soils 

Valley slopes include downslope mass movements of rocky matenal from the pediment surface 
and fine-textured matenal from the underlying claystone, siltstone, and sandstone bedrock of the 
Arapahoe (Ka) and Laramie (Kl) Formations, which have been exposed by stream cuttmg 
processes 

Sods forming in colluvium along the relabvely narrow band of steep (15- to @-percent slopes) 
upper pornons of the valley slopes are mapped predominantly as the deep, well dmned 
Nederland senes Nederland soils (loamy-skeletal Andic Argiustolls) typically occur in  
colluvium or landslide deposits that are dominated by clast-nch matenals from the Rocky Flats 
Alluvium Nederland soils are similar to Flabrons soils, however, Nederland soils generally 
have less clay in the soil matnx and are not typically underlam by a calcium-nch lower honzon 

I 
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Soils forming in colluvium and landslide deposits below the shoulder of the pediment escarpment 
(9- to 25-percent slopes) are mapped as the Denver-Kutch-Midway complex Denver soils (fine, 
Torrernc Argiustolls) are deep, well-dmned, fine textured soils Typically, the A honzon is 
a grayish-brown clay loam, 15 to 36 cm (6 to 14 in) The argillic Bt honzon is a clay, 15 to 
36 cm (6 to 14 in) thick A calcium-nch and clay-nch K honzon extends to depths of 150 cm 
(60 in) or greater Kutch soils (fine, Torremc Argiustolls, moderately deep) are similar to 
Denver soils, however, the depth of Kutch soils is between 51 and 102 cm (20 and 40 in), to 
a contact with weathered claystone bedrock Midway soils (clayey, shallow, Ustx Tomorthents) 
are formed where claystone bedrock is exposed or very near the surface Midway soils are 
weakly developed soils of the soil order Enhsol Midway soils typically have a thin A honzon, 
usually 7 6 cm (three in) or less thick and a total depth to weathered bedrock of less than 51 cm 
(20 in) 

Included in the Denver-Kutch-Midway complex and in the Nederland map unit are other soils 
that may make up as much as 15 percent of each map unit Some of these inclusions may be 
composed of wet soils associated with seeps and spnngs located on the valley slopes 

2.6.3 Hill Soils 

For the most part, hill soils are similar to valley slope soils descnbed earlier These soils are 
forming on the hill-like terrace summits, and the slopes, fans, and ndges of the rolling 
topography in the eastern third of the plant site in  Laramie (Kl) and Arapahoe (Ka) Formahons 
and in small areas of Terrace Alluvium (Qta) 

Soils forming on the hill-like terrace summits (0- to 5-percent slopes) in the southeastern pornon 
of RFP are of the Nunn Senes and the Standley Senes Nunn soils (fine, Andic Argiustolls) are 
similar to Denver soils (fine, Torremc Argiustolls) except that the Torremc subgroup (Denver) 
has a more pronounced shnnlung and swelling capability than the Andic subgroup Standley 
soils are similar to Nunn soils (fine, Andic Argiustolls), however, the Standley soils contan 
more gravel than Nunn soils 

jl 
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Soils forming on the upper hll slopes (5- to 15-percent slopes) of the southeastern comer are 
Denver-Kutch soils descnbed earlier 

Soils forming on hill slopes (15- to 50-percent slopes) of the northeastern comer of the plant are 
of the Leyden-Pnmen-Standley complex, which is analogous to the Denver-Kutch-Midway 
complex The Leyden-Pnmen-Standley complex is of the Andic subgroup of Argiustolls and 
therefore have less pronounced shnnlang and swelling capabilibes than the Torremc subgroup 
of the Denver-Kutch-Midway complex 

2.6.4 Drainage Bottom Soils 

Dmnage bottom soils forming in loamy, str ified alluvium from mixed sources in floodplans 
(0- to 3-percent slopes) are predominantly the Haverson senes Haverson soils (fine-loamy UstIc 
Tornfluvents) are deep, well-dmned, weakly developed soils of the order EntIsol Typically, 
the Haverson soil has a thin A honzon, 15 cm (6 in) thick, overlying a strabfied clay loam and 
gravelly loam about 102 cm (40 in) thick Below that may be a layer of strabfied, very gravelly 
loamy sand to a depth of 150 cm (60 in) or more 

Soils forming in poorly draned areas on valley floors and in floodplans are the McClave senes 
McClave soils (fine-loamy, Cumulic Haplaquolls) are deep, somewhat poorly dmned "wet" soils 
of the order Mollisol Typically, the surface-layer A honzons are dark-brown clay loams, about 
30 to 36 cm (12 to 14 in) thick The next honzon is a brown clay loam [to a depth of 107 cm 
(42 in)], which exhibits color mottling due to alternatmg oxidizing and reducing condihons The 
substratum is a brown, sandy clay loam [to 150 cm (60 in) or greater], which also exhibits 
mottling 

Soils forming in well-dmned stream terraces slightly higher than the floodplan are the 
Englewood senes The Englewood soils (fine, Torremc Argiustolls) are similar to Denver soils 
Included with the dmnage bottom soils are soils similar to McClave, Englewood, and Haverson 
soils, but which have greater than 35-percent rock fragments in the soil layers 
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2.6.5 Soil Summary 

Table 2-1 summmzes the soil senes and taxonomic classificahons with their associated 
landscape types and geologic formahons A compmson between the geologic map and Figure 
2-7 illustrates the associahon between soils at the subgroup level and geologic map units, this 
associahon will be uhlized to descnbe the sampling design outlined in Subsechon 5 2 
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3.0 PREVIOUS INVESTIGATIONS 

Numerous invesbgabons have been conducted to charactenze environmental media and assess 
the extent of radiological and chemical contaminant releases to the environment Results from 
these studies (1 e , chemical data) were compiled to gam knowledge regarding radiological and 
chemical vanability for background areas m the general region of RFP 

Data from previous invesbgahons were used for the following purposes 

To provide an understanding of contaminant release and distnbubon patterns at RFP 
To help idenbfy potenbal data gaps 
To a d  in designing the sampling plan 

This secbon summanzes the information from previous invesbgabons for each of the BSCP 
analyte groups of interest (radionuclides, metals, semivolatde organic compounds, and soil 
profile data) and discusses surface soil sampling methodologies Table 3-1 presents a 
compilahon of previous invesQgations obtamed to date for radionuclides, metals, and organic 
compounds 

3.1 RADIONUCLIDES 

This sechon summanzes data evaluated from previous investigabons for radionuclides in soils 
The radionuclides of interest to the BSCP include those radionuclides which were produced as 
a result of achvibes at RFP, cemn of the "daughter" or decay products of those radionuclides, 
and other radionuclides, such as 137Cesium (Cs) Regional studies and site-specific studies 
related to the potenbal influence from FWP have been compiled and are presented in Table 3-1 
Appendix A presents spabal informabon relabve to these previous studies 
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Quantify Pu mventory on-site and 
off-site, defme mamum 
dlstances from plant at which 
RFP Pu could be detected 

Used for exploratory data 
analysis (Scchon 4 3) 

TABLE 3-1 

SUMMARY OF PREVIOUS INVESTIGATIONS 

Assess the long-term potentla1 
hazard of Pu-contammated sod 
under and around the 903 Pad at 
RFP 

STUDY 

Used for exploratory data 
analysls 

Lowder et a1 (1964) 

Poet and Martell (1972) 

Loser and Tibbals (1972) 

Krey and Hardy (1970) 

Pu, Sr, Am Determme extent of Pu m s o h ,  
surface waters and sedunents 111 

off-site areas surroundmg RFP 

Analyze areal extent o f  Pu east o f  
Indiana Avenue analysis 

Used for exploratory data 
analysls 

Pu Used for exploratory data 

Seed et a1 (1971) 

Michels 

DATA TYPE OBJECTIVE 

Determme natural radioachvity m 

Pu, c s  

POTENTIAL DATA USE 

Ra, Th, U 

metals, U, Sr, 
Th 

radionuchdes 

Pu 

metals, semi- 
volatdes 

Interpretation of BSCP sod data 
agamst regional values 

Determme background 
concentrations m surface sods 

Identify concentrahons m 
surficial sods of the contermmous 
U S , geographical vanahons 

Provide overview of 
envmnmental radioactivity, agamst regional values 
synthesis of research hterature 

Synthesis o f  hterature for 
worldwde fallout levels 

Synthesis of research hterature 

Interpretation of BSCP sod data 
agamst regional values 

Interpretahon of BSCP sod data 
agamst regional values 

Interpretation o f  BSCP sod data 

Interpretation o f  BSCP sod data 
agamst regional values 

Interpretation of BSCP sod data 
agamst regional values 

Pu 

Hardy (1976) Pu, c s  

Relate depositional processes to Interpretation o f  BSCP sod data 
geographical fallout patterns 111 agamst regional values 
the U S Great Plams 

Determme deposition patterns Interpretation of BSCP sod data 
from detonations conducted at the agamst regional values + Nevada Test Site (NTS) 

Illsley and Hume (1979) 

P e r h s  and Thomas (1980) 

Pu 

radionuchdes 

~ ~~ ~ 

Answer clauns agamst RFP 
claunmg radionuchde deposihons 
from RFP on adjacent lands 
caused these lands to be unfit for 
human habitation and use 

Syntheslze research hterature 

Used for exploratory data 
analysis 

Interpretation of BSCP sod data 
agamst regional values 

Mynck et a1 (1983) II 

Eisenbud (1987) 

ORNL - Holleman et a1 
(1987) 

Dragun (1988) 

~~ 
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TABLE 3-1 (CONCLUDED) 

SUMMARY OF PREVIOUS INVESTIGATIONS 

‘ 1  

1 DATA TYPE OBJECTIVE POTENTIAL DATA USE STUDY 

McArthur and Mdler (1989) 

Lawton (1989) 

Collect data to help estunate 
populahon doses o f  radiation 
from fallout ongmatmg at the 
Nevada Test Site (NTS) 

Interpretation o f  BSCP sod data 
agamst regional values 

Pu Determme background levels, 
satisfy requrements for RFP E R  
Program for background 
charactemtion 

Interpretahon of  BSCP sod data 
agamst regional values 

Pu Examme vanations m Pu 
concentrahons and ratios 
resultmg from fallout m sods and 
m nver and resewor sedments 
m northern New Mexlco and 
southern Colorado 

Interpretation of  BSCP sod data 
agamst regional values 

Western Technologies, Inc IT Pu Used for exploratory data 
analysis 

Ensure pubhc, worker and 
customer safety by analymg 
surface sods on land located on 
the RFF’ west buffer zone where 
future sand and gravel mmmg is 

Pu, u, cs CDH - Terry (1991) 

Kabata-Pendm and Pendias 
(1992) 

C S U Radioecology Group 
(1993) 

Litaor (1993b) 

Litaor (1993a) 

OU1, OU2, OU3, OU5, 
OU6, OU7, Envmnmental 
Monitonng and Assessment 
Division, Project Task 6 

Support the exlstmg body of  
conclusions that 99n*oPu 
concentrations mcrcase as the 
RFP site IS approached, 
demonstrate that concentrations 
are changmg over tune, and fill 
m gaps m the body of  data 

Synthestsze global values from 
hteraturc review 

Used for exploratory data 
analysts, Interpretahon of  
BSCP sod data agamst regional 
values 

metals, trace 
elements 

Interpretation of  BSCP sod data 
agamst regional values 

Pu, Am, cs, 
Ra 

Analyze levels from background 
plots predommantly upwmd 
(west) of  RFP 

Interpretation of BSCP sod data 
agamst regional values I 

I 
I 
P 

~ 

Geostatistical approach to a 
spatlal analysis of  Pu activity m 
the sods cast of  RFP 

Usmg sod pits, assess the fate 
and transport of  actmides m sod 
downmnd of  contammated arcas 
at RFP 

Determme on-site contammation 
levels 

Used for exploratory data 
analysls 

Pu Used for exploratory data 
analysis 

~ ~~ ~ 

Used for exploratory data 
analysis 

radionuchdes, 
metals, semi- 
volatdes 
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Radionuclides found in background soils (1 e soils in areas not influenced by RFP or other site- 
specific sources) are present either because they are denved from natural matenals in the earth’s 
crust, or because they have been distnbuted by nuclear weapons fallout over the earth’s surface 
The fallout radionuclides group includes 239m?1utonium (Pu), 241Amencium (Am), 137Cs, and 
89’wStronbum (Sr) The naturally occurnng radionuclides group includes 233mUranium (U) , 
=’U, =‘U, n6Radium @a), and ’*‘Ra Table 3-2 provides ranges of radionuclide soil 
concentrahons, other than Pu, from regional inveshgahons, and Table 3-3 provides those ranges 
for inveshgahons at or nearby RFP 

Pu is the focus of the following discussion because it is a contaminant of concern at RFP and 
is an indicator of a group of radionuclides present in soils due to fallout A summary of the 
ranges of 239mOPu concentrabons, as determined from regional studies [i e , not within 6 2 km 
(10 mi) of RFP] IS presented in Table 3-4 The vanability of the 239/240pu concentrahons from 
these studies is illustrated in Figure 3-1 

Significant vanability in the distnbuhon of anthropogenic radionuclide concentrahons is found 
in the environment This vanability has been attnbuted to regional and local meteorological 
condihons and topographical features of the earth’s surface (Perlans and Thomas, 1980, and 
Purtyman, et al , 1990) Perluns and Thomas (1980) indicated that weather patterns may 
influence the movement, dispersion, and ultimate deposihon of radioactive debns Uneven 
distnbuhon of fallout on the earth’s surface also can be caused by mn and snow scavenging of 
radioachve pmcles Topography affects the deposihon of fallout Perluns and Thomas (1980) 
have shown that as arr masses move west to east across the United States and are orographically 
lifted over mountam ranges, the fallout radionuclide concentrahon deposited on the ground may 
increase on the downwind side due to the downwind mixing of high-level arr contaming elevated 
concentrahons of both arrborne anthropogenic and cosmogenic radionuclides Measurements on 
the downwind sides of both the Cascade Mountam Range and the Rocky Mountams have 
demonstrated this effect (Perluns and Thomas, 1980) 

P \EGG-RFP\Area8\859\UPText\Sec-3 BKG (October 4 ,  1994) 
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-0 072 - 2 500 253 0 465 0 258 

0 015 - 2 870 218 0 317 0 182 

0 218 - 2800.00 609 6 143 0 982 

-0 015 - 670 00 609 1 266 0 044 

0 283 - 38000 00 609 68 520 1017 

TABLE 3-3 

SUMMARY OF RADIONUCLIDES IN SURFACE SOILS AT RFP 

II I RANGE OF VALUES I NUMBER OF 1 MEAN I MEDIAN 11 

I "'Am I -0 190- 163 467 I 576 I 1624 I 0 022 11 

Note Pu not included 
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Site-specific sources of radioactive contaminabon from the Pu processing plant at RFP have been 
idenbfied, Krey and Hardy (1970) listed four probable sources for off-site contaminabon 

Chronic low-level stack emissions 

Fire in Building 771 on September 11,  1957 
Fire in Building 776 on May 1 1 ,  1969 

Resuspension of contaminated soil from lealang drums at the 903 Pad 

Pu data for soils in the plant vicinity showed the presence of Pu, but not in the distnbubon 
consistent with meteorological condihons at the bme of the fires (Eisenbud, 1987) The Krey 
and Hardy mvesbgabon concluded "that the 903 Pad was the pnmary source of off-site soil Pu 
contaminabon from the Rocky Flats Plant" (DOE, 1991) A summary of the ranges in u9/240pu 

concentrabons, from studies conducted at RFP and in the RFP vicinity, is presented in Table 
3-5 

The Rock Creek dmnage background studies are of pmcular interest to the BSCP Samples 
from locabons in the Rock Creek dmnage (the Rock Creek data set) in the northwest quadrant 
of the buffer zone of the RFP were collected in 1992 and 1993 Those data were collected in 

support of RCRAICERCLA invesbgabons for OU1 and OU2 to establish a background soil 
chemistry for determining the nature and extent of contaminabon, and for human health nsk- 
assessment purposes The sample locabons were selected to represent soil types found in OU1 
and OU2, but upwind and upgradient of suspected contaminant sources Samples were analyzed 
for 241Am, gross alpha particle activity, gross beta parbcle acbvity, 239n4~u, 226n28Ra, and 
233'2wn3sn38U Table 3-6 provides the radionuclide measurements for the Rock Creek dmnage 

3.2 METALS 

This section summanzes perhnent information regarding background concentrabons of metals 
in soils The concept of natural vanability of metals in  soils is important with respect to 
background concentrabons Soil minerals are products of a complex cham of events involving 
the acbon of weathenng, topography, and biota on the parent geologic matenal Because 

1 
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0 95 

2 18 

0 62 

1 14 

TABLE 3-6 

RADIONUCLIDES IN SURFACE SOILS FROM ROCK CREEK STUDY (pCi/g) 

10 1 6 0  

10 4 87 

9 2 22 

18 1 76 

ANALYTE 

Uranium-235 

Uranium-238 

UPPER W% 

MEAN SAMPLES LEVEL AT 
NUMBER OF TOLERANCE 

99% CONFIDENCE 

0 05 18 0 19 

1 17 18 1 90 

Amencium-24 1 

Cesium- 137 

Gross alpha 

Gross beta 

Plutonium-239,240 

Radium-226 
~ ~~~ ~~ ~~ 

Radium-228 

Strontmm-89,90 

Uranium-233,234 

30 83 I 9 I 55 67 

005 I 20 I 0 13 

Source OU5 Technical Memorandum No 15, Amended Field Sampling Plan, 
May 1994 
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background metals concentrabons in soil are substanbvely influenced by geologic parent 
matenal, geomorphic processes, degree of weathenng, and other ste-specific factors, metals 
concentrabons are expected to exhibit a high degree of vanability when evaluated over a broad 
region 

Based on an analysis of data presented in six references, Dragun (1988) has compiled typical 
ranges and observed extreme limits of background concentrahons for elements in natural soil 
(Table 3-7) These values were obmned from a vanety of soils and soil depths Kabata-Pendias 
and Pendias (1992) have listed ranges and means of total concentrabons of trace elements in 
surface soils calculated on the world scale as they occur in different soils (Table 3-7) 
Schacklette and Boerngen (1984) present concentrabon means and observed ranges for the 
conterminous United States and for the eastern (east of the 96th mendian) and western (west of 
the 96th mendian) United States subgroups Metals concentrabon ranges for the western 
subgroup are included in Table 3-7 

Site-specific data regarding metals for most of the OU studies and the Rock Creek data set are 
also avalable Table 3-8 presents the concentrabon ranges from the combined OU1, OU2, 
OU3, OU5, OU6, OU7, the former RFP Environmental Monitonng and Assessment Division 
(EMAD) and Rock Creek dramage sampling results Table 3-9 presents the results for the Rock 
Creek data set 

3.3 SEMIVOLATILE ORGANICS 

Studies descnbing the occurrence of organic compounds in background soils were reviewed to 
provide insight into both natural and anthropogenic sources to background concentrabons The 
emphasis of the literature search and review was on semivolable organic compounds, such as 
polynuclear aromabc hydrocarbons (PAHs) PAH concentrabons, as well as pesbcides and 
herbicides, are highly dependent on land use in the area where samples are collected Input to 
the background environment via vehicle exhaust is probably the most prevalent anthropogenic 
source for PAHs, thus samples collected in industnal areas or near roadways may exhibit 
elevated concentrabons with respect to isolated areas Naturally-occumng organic chemicals 
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‘ I  

TABLE 3-8 

METALS CONCENTRATIONS IN SURFACE SOILS AT RFP 

NOTE Data reported in ppm 
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Aluminum 

Anbmon y 

Arsenic 

M u m  

TABLE 3-9 

13,257 25,758 

10 525 17 35 

5 79 12 78 

199 7 492 59 

METALS CONCENTRATIONS IN SURFACE SOILS FROM ROCK CREEK STUDY 
(mg/kg) 

Beryllium 

Cadmium 

Calcium 

ANALYTE 

1 55 5 98 

1 35 4 79 

5,413 15,913 

MEAN 

Potassium 

Selenium 

UPPER 99% 
TOLERANCE 
LIMIT AT 99% 
CONFIDENCE 

3,080 5 5,980 2 

0 6  138 
~~ ~ 

Silicon 720 59 7,318 88 
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TABLE 3-9 (CONCLUDED) 

METALS CONCENTRATIONS IN SURFACE SOILS FROM ROCK CREEK STUDY 
(mg/kg) 

ANALYTE MEAN 

UPPER 9% 
TOLERANCE 
LIMIT AT-% 
CONFIDENCE 

Silver 2 80 5 00' 

Sodium 290 58 1,510 76 

Strontium 37 97 96 88 

Thallium 0 8  2 02 

Tin 36 23 81.21 

Vanadium 31 97 60 62 

I 57 26 I 97 20 

Source OU5 Technical Memorandum No 15, Amended 
Field Sampling Plan, May 1994 

Maximum value observed 
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are present on the EPA Target Compound List (TCL) and are summanzed on Table 3-10 
(Dragun, 1988) 

Semivolahle organic, peshcide, and polychlonnated biphenyls (PCBs) have been collected for 
most of the OU studies ongoing at RFP and also for the Rock Creek dmnage background study 
Herbicides have also been collected for the OU studies The purpose of evaluabng the studies 
with respect to the organic analyte suite was to examine background concentrabon ranges for 
future RCRAKERCLA decision-malang 

Table 3-1 1 lists the organic compounds and the corresponding concentrabon ranges from the 
combined OU1, OU2, OU3, OU5, OU6, OU7, EMAD, and Rock Creek dmnage sampling 
results Herbicides have also been collected for the OU studies The tabulated values are not 
to be construed as contaminant ranges (1 e background compansons were not performed as part 
of work plan preparahon) For the Rock Creek dmnage background study, the only 
semivolahle organic compounds detected were benzoic acid (43 to 230 ppm), bis(2- 
ethylhexy1)phalate (35 to 140 ppm), and di-n-octylphthalate (39 to 44 ppm), and are considered 
eshmates because the concentrahons observed were below the reported quanbtabon limit 

3.4 SOIL PROFILE DATA 

Twenty-six soil pits at vmous distances and direchons downwind (1 e east) of the 903 Pad were 
excavated, sampled, and analyzed for actmide achvibes, as well as for selected physical, 
chemical, and mineralogical attributes (Litaor, 1993a) The backhoe excavated soil pits were 
dug to a depth of 1 0 m (3 3 ft) Locabons of the soil pits were chosen to represent the major 
soil types at RFP The soils were classified according to the USDA-SCS soil classificahon 
scheme Achnide acbviDes and physiochermcal parameters suspected of affectmg achnide 
achvities in soil were studied to assess the fate and transport of acbnides in soil downwind of 
contaminated areas at RFP Litaor (1993a) indicated that pedogenic factors, especially biological 
achvity (notably earthworm achvity), are important factors in the fate and transport of acbnides 
in the soil environment However, the results of the study strongly suggested that the actinides 
in the soils around RFP are relatively immoblle Downward movement of actmdes located 
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Dioctylphthalate 

Fluoranthene 

Ideno( 1,2,3d)pyrene 

TABLE 3-10 

0 - 13,000 

0 - 40 

0 - 15 

SUMMARY OF SEMIVOLATILE ORGANIC CONSTITUENT CONCENTRATIONS 
IN SURFACE SOILS (ppb) 

Naphthalene 

Pyrene 

~ 

ANALYTE 

1 ,000-5000  

0 -  15 

I DRAGUN (1988) 

Benz(a)anthracene 0 -  10 

Benzo(b) fluoranthene 0 - 30 

Benzo(k) fluoranthene 0 -  15 

Benzoic acid 140 - 1 1 , 0 0 0  

Benzo(g, h ,)perylene 0 - 20 

Benzo(a)p yrene 0 - 8,000 

bis(2-ethylhexy1)phthalate 150,000 - 925,000 

Chrysene 5,000 
Dibutylphthalate 19,000 - 56,000 
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c 

TABLE 3-11 

NUMBER OF 
CONCENTRATION RANGE SAMPLES WITH 

comuND (Pg/kg) DETECTED 
CONCENTRATIONS 

2,4-Dichlorophenol 790 - 1,200 4 

4-Methylphenol 270 2 

4-Nitrophenol 53 1 

Acenaphth ylene 38 - 600 3 

2-Methylnaphthalene 73 - 1,200 8 

Acenaphthene 39 - 4,600 62 

Anthracene 44 - 5,500 68 

Benzo(a)anthracene 38 - 8,300 162 

Benzo( a) p yrene 36 - 11,000 137 

Benzo(b)flouranthene 32 - 11,000 139 

Benzo(g , h,i)perylene 15 - 6,900 95 

Benzo(k) fluoranthene 32 - 8,500 1 1 1  

Benzyl Alcohol 270 1 

Bis(2-ethylhexy1)phthalate 35 - 25,000,000 122 

Benzoic Acid 43 - 97,000 72 

Butyl Benzyl Phthalate 45 - 380 15 

Chrysene 36 - 11,OOO 175 

Di-n-Butyl Phthalate 36 - 42,000 66 

Di-n-octyl Phthalate 39 - 1,300 18 

Dibenzo(a, h)anthracene 37 - 7,000 38 

Dibenzofuran 36 - 2,000 25 

Diethyl Phthalate 1 , 1 0 0  - 16,000 2 

Dimethyl Phthalate 89 - 94 2 

SITE-SPECIFIC ORGANIC COMPOUNDS DETECTED IN SURFACE SOILS 
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TABLE 3-11 (CONCLUDED) 

SITESPECIFIC ORGANIC COMPOUNDS DETECTED IN SURFACE SOILS 

~ ~ ~ ~ 

Aroclor- 1254 

Aroclor- 1260 

4,4’-DDD 

4,4’-DDT 

Delta-BHC 

Dieldnn 

Endosulfan Sulfate 

Endnn Ketone 

Heptachlor Epoxide 

Methoxychlor 

Propane, 1,l-dibromo-3- 
chloro- 

II 

37 - 22,000 

41 - 16,000 

17 - 67 

41 - 25.000 

11 COMPOUND 

181 

2 10 

4 

12 

Fluoranthene 

Fluorene 

22 

21 - 26 

23 

18 - 53 

24 

36 

10 

450 

Indenol( 1,2,3-cd)pyrene 

~ 

1 

2 

1 

4 

1 

1 

1 

1 

Isophorone 

Naphthalene 

PentachloroDhenol 

Phenanthrene 

Pyrene 

Aldnn 

Aroclor-1242 

Aroclor-1248 

CONCENTRATION RANGE 
(ag&) 

NUMBER OF 
SAMPLES WITH 

DETECTED 
CONCENTRATIONS 

42 - 18,000 

39 - 7,300 110 

96 I 1 

37 - 3,000 I 24 

2.200 - 2.400 I 2 

52 - 230,000 I 37 

9 7 - 860,000 I 126 

9 6 - 680,000 I 240 

54 - 89 11 

P \EGG-RFP\Area8\859\UPText\Tables\Tab3-11 rj 1 



ENVIRONMENTAL RESTORATION PROGRAM Manual Number RFP/ERM-94-00022 
Background Soils Charactenzation Section 3 0 Previous Investigations, Rev 0 
Work Plan FY94 Page 24 of25 

downwind of the contaminated areas was largely restncted to the upper 12 cm (4 72 in) of soil 
The soil profile sampling for the BSCP has been designed to support fate and transport studies 
by collecbng baseline soils data from representabve soils in areas upwind of contaminated areas 

3.5 SURFACE SOIL SAMPLING METHODOLOGIES 

Except for the soil profile studies menboned in Secbon 3 4, most soil sampling methods at RFP 
have focused invesbgabons in the upper several cm of soil Vanous surface soil sampllng 
methods have been used at RFP since 1969 pnmanly for two purposes, assessing potenbal health 
hazards and determining contaminant concentrabons For Pu in partxular, sampling methods 
have been used to assess nsk to human health from Pu through the inhalabon pathway and to 
determine Pu inventones in the soil Comparability between histonc surface soil data may be 
dependant on the sampling method used and the bme between sampling penods Typically, the 
methods for determining the Pu inventory in the soil involve sampling to depths ranging from 
zero to five cm (two in) or to 20 or 30 cm (7 9 or 11.8 in), while the methods for assessing 
health nsk through the inhalabon pathway involve depths from zero to five cm (zero to two in) 
Table 3-5 lists the depths for several histoncal invesbgabons regarding RFP-related acbvibes 
and regional studies 

Two surface soil sampling methods have been used since 1990 at RFP for RCRAKERCLA- 
related acbvihes They are the CDH method and the Rocky Flats (RF) method, both of which 
are outlined in EG&G Operabng Procedure GT 8 The CDH method obtams a composite 
sample from 25 subsample locabons within a 1 6- or a 4 0-ha (4- or a 10-acre) plot size Each 
subsample is obtamed by removing the soil from a 5 1 cm (two in) by six cm (2 4 in) by 0 64 
cm (0 25 in) deep template dnven into the soil The RF method obmns a composite sample 
from 10 subsample locations within two one-meter (3 3-ft) square (m’> areas, each subsample 
obmned by removing soil from a 10 cm (3 9 in) by 10 cm (3 9 in) by five cm (two in) deep 
template which is dnven into the soil 
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As discussed further in Secbon 4 3 1 and illustrated in Figure 4-8, the FW method [five cm (two 
in) depth] was chosen for the BSCP over the CDH method [0 64 cm (0 25 in) depth] and other 
surface soil methods for the following reasons 

The RF method is comparable to other RFP data collection efforts regarding nsk 
assessment and determinabon of the nature and extent of contaminabon 

The RF method has been used for ongoing environmental monitonng 

The RF method is comparable to regional and worldwide sampling efforts which 
were designed to determine fallout radionuclide concentrabons in soils 

The RF method was developed for the rocky surface soils in the vicinity of RFP 

The FW method is considered a compromise between determining total Pu inventones 
in the soil and providing informabon for assessing human health nsk through the 
inhalabon pathway 

The Rock Creek data set ubhzed the RF method Because the BSCP sampling effort 
is intended to augment the Rock Creek data set for certam analyte groups, the RF 
method is appropnate 

Data collected by both the RF and CDH methods for OU3 Pu concentrahons are 
comparable 

Secbon 4 3 1 further discusses data comparability among surface soil sampling methods 
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Section 

4.0 DATA QUALITY OBJECTIVES 

The purpose of this secbon is to establish and implement the DQO process for this project This 
is accomplished through integrabon of EPA’s DQO guidance and independent data evaluabon 
methodologies using results of previous investigabons (Secbon 3 0) to provide a technically 
defensible framework for design of a field sampling program (Secbon 5 0) and data analysis 
program (Secbon 6 0) 

The work plan for the RFP BSCP is built upon the framework of the DQO process The DQO 
process is a systemabc planning tool based on the scienbfic method for idenbfying the type, 
quanbty, and quality of data that will be appropnate for the intended applicabon of the data 
The goal of the process is to collect data of sufficient quanbty and quality to support defensible 
decision malang, while attempting to minimize expenditures related to data collection by 
eliminabng unnecessary or overly precise data The process allows the decision makers to 
define their data requirements and the acceptable levels of decision errors dunng planning, 
before data collecbon begins 

DQOs for the BSCP have been developed using the seven-step problem solving procedures 
outlined in the Guidance for Planning for Data Collecbon in Support of Environmental Decision 
Malang Using the Data Quality Objecbve Process, @PA, 1994) (Figure 4-1) However, to 
ensure comparability with previous RCRAKERCLA OU invesbgations at FWP and to transition 
between the 1994 guidelines and previous EPA DQO guidelines, the format for the BSCP DQO 
secbon follows the three-stage DQO process outlined in the DQOs for remedial response 
acbvihes (EPA, 1987a) (Figure 4-2) 

Although the DQO Process is meant to be followed in a sequenbal manner, it is also iterabve, 
the outputs from one step may influence pnor steps and cause them to be redefined As a result 
of this iterabve process, it was recognized that groups of analytes (I e , data types) had diffenng 
data needs to adequately charactenze background concentrabons By approaching the evaluabon 
of exisbng data and the sampling plan design on a data-type-specific basis, the designs became 
more manageable and representative of the actual data needs Thus, the rabonale applied to 
design the BSCP sampling plan evolved into a data-type-specific process (Figure 4-3) As 
indicated on Figure 4-3, the following data types were evaluated individually 
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7 STEP DQO PROCESS 

STATE THE PROBLEM 
J, 

IDENTIFY THE DECISION 
J, 

IDENTIFY INPUTS TO THE DECISION 
J, 

DEFINE THE STUDY BOUNDARIES 
J, 

DEVELOP A DECISION RULE 
J, 

SPECIFY LIMITS ON DECISION ERRORS 
J.t 

OPTIMIZE THE DESIGN FOR OBTAINING DATA 

Figure 4-1 Seven-Step DQO process @PA, 1994) 
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SeCtlOU 

THREE-STAGE DQO PROCESS 

STAGE 1 
IDENTIFY DECISION TYPES 

Evaluate Avadable Data 

Idenbfy & Involve Data Users 

Develop Conceptual Model 

Specify Objecbves/Decisions 

4 
STAGE 2 

IDENTIFY DATA USEWNEEDS 

Idenbfy Data Uses 

Idenbfy Data Types 

Idenbfy Data Quality Needs 

Idenbfy Data Quanbty Needs 

Evaluate Samphng/Analysis Options 

Review PARCC Parameters 

4 
STAGE 3 

DESIGN DATA COLLECTION PROGRAM 

Assemble Data Collecbon Components 

Develop Data Collecbon Documentabon 

Figure 4-2 Three-Stage DQO process [after EPA (1987a) and EPA (1987b)I 
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Pu and other radionuclides from anthropogenic fallout sources (Fallout Group) 

Metals, including naturally occurnng U and Ra isotopes (Metals Group) 

Organic compounds (Organic Group) 

Physical, chemical, and mineralogical charactenzahon of background soils (Soil 
Profile Group) 

Sechon 4 2 2, Data Types, and Section 4 3 2, Design Approach, discuss the rahonale for 
delineahon of these groups 

The need to obmn background data for the upper five cm (two in) of soil for radionuclides, 
metals, and organics was identified as a high pnonty based on RCRAKERCLA decision-malung 
data needs The soil profile data type, collected pnmmly from genehc soil honzons and depth 
intervals in the upper 1 2 m (four ft) of soil by a pidtrench technique, was idenhfied as a 
secondary (1 e , lower pnonty) data need 

The following sechons discuss stages one, two, and three of the DQO process The three stage 
process includes Stage 1 - Idenhfication of Decision Types, Stage 2 - Idenhficahon of Data 
UsedNeeds, and Stage 3 - Design Data Collechon Program 

4.1 STAGE 1 - IDENTIFICATION OF DECISION TYPES 

The purpose of Stage 1 of the DQO process (Figure 4-2) is to idenhfy the individuals responsible 
for decisions regarding use of background soils charactenzahon data, to idenhfy and involve data 
users, and to define the types of decisions that will be made by those using the data 
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As part of work plan preparahon, Stage 1 was accomplished through four tasks 

Evaluahon of avadable information 

Specificabon of study objectwes 

Idenbficahon and involvement of data users 

Development of background conceptual site model 

4.1.1 Identification and Involvement of Data Users 

A planning team was assembled for the BSCP which included personnel from DOE, EG&G, and 
its subcontractor, Dames & Moore, and represented a vanety of technical disciplines and 
organizaoons responsible for the outcome of the project The first objectwe for the planning 
team was to idenhfy potenhal data users and solicit their involvement by circulatmg 
quesQonnares and conductmg interviews regarding potenbal background soils data needs 

Data users for ER-related (1 e ,  RCRAKERCLA) inveshgabons have been categonzed as 
follows 

Decision makers 
Pnmary data users 
Secondary data users 
Technical supportheview groups 

The potentd data users for this project are idenhfied in the following paragraphs Decision 
makers include Remediahon Project Managers (OU managers) for each of the 16 designated OUs 
at RFP and other personnel from EG&G, DOE, EPA, and CDH who are involved in decision 
makmg through management and regulatory oversight The decision maker’s role includes 
assessing the nature of contaminahon (the contaminants of concern), assessing the nsks to human 
health and the environment posed by the contaminants, delineatmg the extent of the contaminated 
areas, deciding on acceptable remediation levels, and choosing feasible alternahves for cleanup 
operahons 
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Pnmary data users are geoscienhsts, soil scientists, ecologists, statishcians, chemists, nsk 
assessors, modelers, remedial design engineers and others on the staffs of EPA, DOE, CDH, 
EG&G, and subcontractors involved in the BSCP and ongoing ER achvihes at RFP The 
pnmary data user’s role is to provide technical informahon and guidance to the ER decision 
makers 

Secondary data users include those involved with scienhfic inveshgahons that support ER 
achvihes (1 e , RCRAKERCLA inveshgations) at RFP, other facihhes, public involvement 
groups, ongoing and future soil monitonng programs, and land managers 

Support groups include personnel from EG&G and its subcontractors, DOE, EPA, and CDH 
who are involved with laboratory management, database management, QA, records control, and 
compliance monitonng Review groups include subcontractors to DOE or EG&G involved with 
technical review of the BSCP 

EPA and CDH were included as data users in the DQO process and were bnefed through a 
March 3, 1994 meehng At this meetmg, informahon regarding the preliminary DQOs and 
sampling design for the project were presented for discussion CDH’s and EPA’s oral comments 
were noted at this meeting and given due considerahon in preparahon of this draft plan 

4.1.2 Evaluation of Available Information 

The goal of evaluatmg previous inveshgahons (Sechon 3 0) was to identify data gaps and to 
provide the basis for BSCP sampling designs Chemical data (1 e , radionuclide, metal, and 
organic analyhcal data) from previous investigahons in surface soils were compiled for use in 
idenhfying data gaps and designing 
the upper five cm (two in) of soil 

the sampling program (Sechon 4.3) for charactenzahon of 
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Idenhficahon of data gaps for the soil profile data type was independent of that for the surface 
soils chemical data In general, the sampling design component for the soil profile data type is 
based on soil type and slope posihon Thus, the design basis is dependent only on sample site 
selecbon 

4.1.3 Development of Background Conceptual Site Model 

A prehminary background conceptual model was developed for addressing data needs and to 
illustrate the rahonale for choosing the general locahons for potenhal background soil areas 
The conceptual model incorporates the following elements 

Measurable analytes of concern that the soils may conmn 
Sources, both RFP and off-site, of those analytes 
The pathways of analyte migrahon leading from sources to the background soils 

The basic elements of a conceptual model for RCRAKERCLA work as proposed by the EPA 
include a source, pathway, and receptors for contaminants These elements were used in 
developing this prehminary conceptual model, although the "receptors" of contaminants in this 
case are the background soils 

Off-site sources of contaminants include atmosphenc testmg of nuclear weapons, which was 
conducted in the northern hemisphere and produced radionuclides Fallout radionuclides were 
entmned in the atmosphere, transported downwind by prevaling winds, and deposited on the 
surface soils via precipitation and dry deposiaon A second, major off-site source of metals and 
radionuclides such as U and its daughter elements, are naturally occurnng rocks, mineral 
deposits, and sediments Background soils have developed from parent matenals whose sources 
are from the mountams to the west of RFP, and from underlying sedimentary deposits These 
parent matenals may contnbute naturally-occumng levels of potenhal analytes of concern to 
background soils Transport of these potentnl analytes may have occurred through several 
mechanisms such as wind erosion, stream sediment transport, and transport of dissolved 
constituents via groundwater and surface water Other potential sources of radionuclides, 
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metals, and organic compounds are numerous off-site acbvihes, which may generally be 
categonzed as nonpoint source pollubon Actwibes capable of contnbutmg contammants to 
background soils in the RFP area include, but may not be limited to, industnal operabons in the 
Denver metropolitan area, mining operabons in the mountams, widespread agncultural chemical 
use, automobile and rad traffic in the vicinity, and small businesses/light industry in the 
immediate vicinity A schemabc representabon of off-site sources of potenbal contaminants of 
concern and pathways leading to potenbal background soils areas is presented in Figure 4-4 

RFP also may have been a source for contnbutmg contaminants to potenbal nearby background 
soil areas A schemabc representabon of potenbal RFP sources and pathways is presented In 

Figure 4-5 RFP sources of contaminahon, associated pathways, and transport mechanisms 
(Figure 4-5) are considered when assessing potenbal areas for background soil sampling 

4.1.4 Specify Study Objectives 

The ObjecbVeS of the BSCP are to provide background soils data for two soil populabons These 
populabons are provided in the following list 

The surface soil populabon [upper five cm (two in) of soil], including background 
concentrabon data of potenbal contaminants and physical/chemical parameters data 
The soil profile populabon [upper 1 2 m (3 9 ft) of the soil], including general 
pedological (soil parameter) data, physical/chemical/mineralogical parameters in 

genebc honzons, and acbnide concentrabon data (plutonium and amenciurn) at 
incremental depths 

Specifying study objechves is linked to the idenbfication of data uses and the determinabon of 
data types or analytes through the iterabve DQO process Data use and data types are discussed 
in Sechons 4 2 1 and 4 2 2 
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4.2 STAGE 2 - IDENTIFY DATA USES/NEEDS 

The purpose of Stage 2 of the DQO process is to idenbfy data uses and needs, evaluate sampling 
and analysis opbons, and review the PARCC parameters As part of work plan preparahon, 
Stage 2 was accomphshed through five tasks 

Idenbfy Data Uses 
Idenbfy Data Types 
Idenbfy Data Quality Needs 
Idenbfy Data Quanbty Needs 
Review PARCC Parameter Informauon 

Each of these tasks are descnbed in the following secbons 

4.2.1 Identify Data Uses 

The BSCP is designed to be used by those concerned with present RCRAKERCLA acuviues 
at RFP, however, it also antxipates future use by those concerned with feasibility studies and 
remedial acbon design and implementahon, by those concerned with land use decision-malung, 
by the scienbfic community, and by others who have an interest in background soils mformahon 

The data uses for the BSCP that support RCRAKERCLA acbvibes include 

Charactenze site soils 

Determine the nature and extent of FWP contaminabon by companng affected areas 
(OUs) with background 

Descnbe contaminant fate and transport 

Determine baseline nsk assessment 
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Evaluate remedial acQon altematwes 

Determine remedial achon monitonng 

4.2.2 Identify Data Types 

Data types necessary to meet the ObjeCtrVeS of the BSCP include a broad spectrum of analytes 
These analytes are in two broad categones 

Fbtenhal soil contaminants such as radionuclides, metals, and organic compounds 

Phy sical/chemical/mineralogical/biological parameters needed to charactenze the soil 
and to model contaminant fate and transport 

Some of the potenhal contaminants, such as the metals U and Ra, are naturally present in soils 
Other potenbal contaminants such as Pu, Am, 137Cs, 89'90Sr, and most of the organic 
contaminants, are present in soils only because of human acbvity 

Through the iterahve DQO process, it became obvious that a reasonable approach to simplify 
the problem and meet the project objectrves in the most cost-effectrve manner was to assemble 
the vanous data types into groups whose occurrence, behavior, data uses, and/or collecbon 
methods were similar The following data groups were chosen 

0 Fallout Group data types for surface soils 

- 239/240pu 

- "'Am 
- 137cs 
- 89/90sr 
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0 Metals Group data types for surface soils 

- Total Analyte List (TAL) metals and Cs, Sr, Molybdenum (Mo), and Lithium (Li) 

Physical/chemical parameters for surface soils 
- U and Ra isotopes 
- 

0 Orgamc Group data types for surface soils 

- 
- TCL pesbcides and PCBs 

TCL base-neutral extractable semivolahle compounds 

0 Soil profile group data types 

- 
- 
- 
- 

TAL metals in genehc honzons 
U and Ra in genehc honzons 
Ph ysical/chemical/mineralogical/biological parameters 111 genehc honzons 
Achnides (Pu and Am) in depth increments 

- Soil ecology support 
- Pedological data 

4.2.3 Identify Data Quality Needs 

Data quality needs are dewled in Swoon 7 3 6 Generally, data quality will be achieved by 
adhenng to the data collection and analysis protocols provided in agency-approved EG&G Rocky 
Flats Environmental Management Department Operating Procedures (Volumes I through VI) and 
the General Radiochemistry and Routme Analyhcal Services Protocol (GRRASP), Parts A and 
B 
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4.2.4 Identify Data Quantity Needs 

Data quanbty needs are typically related to the selecbon of stahsbcal parameters (confidence and 
power), which are used in equations for esbmating a sample size necessary to descnbe a 
populabon These parameters are associated with the degree of error that is allowable in 
defining populabons and are dependent on the ulbmate use of the collected data, which is 
determining contaminants of concern (COCs) at OU invesbgabons Therefore, it would be 
appropnate that these parameters be based on the requirements of the stabsbcal procedures 
outlined by Gdbert and Simpson (1992), which have recently been approved for OU 
mvesbgabons At the bme of this study, Gilbert’s recommendahons of COC determinabon did 
not reveal data requirements for the background data (1 e , power) To accommodate this 
situabon, this study assumed typical confidence and power values for malung esbmates of the 
necessary number of samples to adequately descnbe the background populabons Evaluation of 
data quanbty needs for each analyte group is discussed in Secbon 4 3 

4.2.5 Review PARCC Parameter Information 

PARCC parameters are indicators of data quality The PARCC goals for samples collected in 
support of the BSCP are specified in Secbon 7 0, Quality Assurance Addendum Secbon 4 3 1 
discusses histoncal data comparability relevant to the development of the sampling design 

4.3 STAGE 3 - DESIGN DATA COLLECTION PROGRAM 

The purpose of Stage 3 of the DQO process is to integrate all components of the DQO process 
into a comprehensive sampling plan for all data types, which include 

Fallout Group 
Metals Group 
Organics Group 
Soil Profiles Group 
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Considerahon of these data types in the sampling design development is introduced in Sechon 
4 0 and is discussed further in Secbon 4 3 2, Design Approach 

Figure 4-6 illustrates the process for designing the data collechon program for the background 
charactenzabon of the upper five cm (two in) of soil The inihal step consisted of creatmg data 
sets for use in the Exploratory Data Analysis (EDA) Data that provided an understanding of 
contaminant release and distnbubon patterns at RFP were compiled from select, prewous 
inveshgabons discussed in Secbon 3 0 The data sets were then subject to EDA to idenbfy data 
gaps and to assess alternative sampling designs 

The following sechons discuss the process of designing the data collechon program The design 
of the data collechon program includes the review of existmg data, EDA, and sample design 
recommendabons for each andyte group 

4.3.1 Review of Pre-existing Data 

The irut~al task of reviewing the existmg data was to compile histoncal data sets in an electronic 
format With the excepQon of 239/2.40pu, the data compiled for this purpose were extracted from 
the Rocky Flats Environmental Database System (RFEDS) Data qualified as unusable (RFEDS 
validabon code ’R’) were excluded from the data sets Sample duplicates and analyt~cal 
replicates were averaged before analyses were performed A usability assessment of the data 
was not performed (1 e , calculatmg PARCC parameters for the existmg data) The u9m?Pu data 
included analyt~cal results from mulbple sources (1 e , samples collected and analyzed by 
individuals and organizatlons other than RFP) A discussion of data comparabdity for the EDA 
follows 

Since 1969, several methods were employed in the Rocky Flats region to sample soil for 239/240pu 
contaminahon Inihally, Krey and Hardy (1970) with the Health and Safety Lab of the Atomic 
Energy Commission (predecessor to DOE) sampled to a depth of 20 cm (7 9 in) in order to 
determine a complete inventory of plutonium in the soil The CDH developed a method in 
which samples were collected to a depth of 0 64 cm (0 25 in), in order to assess the nsk of Pu 
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Exploratory Data Analysis 
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Sample Design Recommendations 
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to human health Poet and 
Martell collected samples in 1972 to a depth of one cm (0 4 in) for examining plutonium 
contaminahon The resulhng 239n4?Pu concentrahons from these mulhple sampling efforts are 
illustrated in Figure 4-7 

Pu is potenhally respirable by resuspension of dust from soils 

For the purpose of the EDA and the design of the sampling plan for fallout radionuclides, it was 
assumed that the histoncal 239n4”Pu data from surface soils were comparable This decision was 
based on a companson of 239/240Pu results from samples collected by both the RF and the CDH 
sampling methods Figure 4-8 illustrates this correlahon The data in Figure 4-8 are results 
from the OU3 RFI/RX Thus, aggregahon of the histoncal data sets provided an extensive data 
set, on-site and off-site, for the EDA 

4.3.2 Exploratory Data Analysis 

Pnor to the EDA, the background conceptual site model was reviewed to understand the general 
processes that may affect the sampling plan design Because this study focused on several 
analyte groups, two general regions were considered as potenhal background soil sampling sites 
(1) remote sites outside the range of potenhal atmosphenc deposihon resulhng from RFP 
achvihes and (2) sites within RFP border in areas upwind of the industrial area An advantage 
of selecting sampling locahons within RFP border is that pedogenic, geomorphic, and hydrologic 
charactenshcs of soils withm individual OUs are similar to those charactenstxs of soils in the 
immediate vicinity of RFP A disadvantage of selecting background sampling locahons within 
RFP is the possibility that those sites may be contaminated by acbvibes from RFP The major 
issues for developing a background sampling plan design are 

The areal extent of potenhal contaminahon due to RFP activihes 

The potential vanability of analyte concentrahons in different soil types or geologic 
parent matenals 
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The sampling design approach was to group analytes which had similar data needs Table 4-1 
hsts the issues to be inveshgated by the EDA for each analyte group Sample design 
considerahons for each analyte group follow 

The sample design is not pnmanly dependent on soil type or geologic parent 
matenal, because fallout radionuclides do not occur naturally in soil, therefore, a 
sample design located outside the range of RFP influence is applicable 

The suitability of the Rock Creek dmnage study as background should be assessed 

MetalsG rou D 

A sample design distant from RFP may not be suitable due to the potential 
vanability of metals concentrations in soil types and geologic parent matenals 
dissimilar to RFP soils 

The suitability of the use of the Rock Creek dmnage study as background should 
be assessed 

Oreanics GrouD 

A sample design distant from RFP may not be suitable because of the potenhal 
influence from unknown off-site sources 

The lack of quantifiable detechons in the Rock Creek dmnage study indicates that 
surface soil has not been influenced by RFP or other off-site sources, although some 
PAHs have been detected in Rock Creek stream sediments 
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TABLE 4-1 

ANALYTE GROUPS AND CONSIDERATIONS FOR EXPLORATORY DATA 
ANALYSIS 

_____ 

DATA TYPE GROUPS 

Fallout 

Metals 

Organics 

Soil Profiles 

CONSIDERATIONS FOR EXPLORATORY 
DATA ANALYSIS 

Influence of RFP 
Suitability of Rock Creek data set as background 
Provide rabonale for the placement of background 

Influence of RFP 
Geology/soil type 
Suitability of Rock Creek data set as background 
Provide rabonale for the placement of background 

Suitability of Rock Creek data set as background 
Provide rabonale for the placement of background 

Provide rabonale for the placement of background 

sampling locabons if necessary 

samplng locabons if necessary 

sampling locabons if necessary 

sampling locations 
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Soil Profile GrouD 

Sampling design component for the soil profile data type is based on soil type and 
slope posihon representahve of those found at RFP 

For each analyte group, the EDA assumes windborne transport is the pnmary mechanism for 
off-site surface soil contaminahon Therefore, it may be possible to correlate soil concentrations 
to wind patterns at RFP relative to a source locahon This correlahon may not be exact because 
the following factors may affect it 

Topographic features 
Soil and vegetation type 
Method of sample collechon and composihng 
Analytical method 
Proximity to human achvihes 
Pnor and ongoing remedial achvihes 
Methodology for selechng sampling locahons 

The goal of the EDA was to evaluate the avalable surface soil data at RFP and to use the 
informahon gamed from this process to provide rahonale for sampling design alternahves that 
are consistent with DQO The current 
understanding of site condihons is shown as "Conceptual Model" in Figure 4-9 The Conceptual 
Model (discussed in Sechon 4 1 3) is updated to incorporate the information ganed dunng each 
step in the analysis 

The EDA process is illustrated in Figure 4-9 

The EDA was developed to address the specific issues relevant to the scope of this study It is 
beyond the scope of this study to consider all possible factors contnbuhng to soil chemistry in 
the vicinity of RFP The EDA develops a "general understanding" of soil chemistry and the 
major factors contnbuhng to metal concentrations and radionuclide achvihes near RFP This 
general understanding was developed to a d  in the sampling plan design rahonale consistent with 
a level of deml appropnate to a reconnassance inveshgahon The EDA was not intended to 
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precisely delineate the extent of contamination resulting from RFP achvihes A detatled 
discussion of all potenual methods for evaluatmg sample design alternatives is beyond the scope 
of this study 

The following is a general discussion of the steps in the EDA (Figure 4-9) Each step of the 
EDA was developed as a result of an iteratwe process that idenhfied groups of analytes (1 e , 
data types) that had diffenng data needs to adequately charactenze background soil chemistry 
By utxlizing specific data types for the evaluabon of existxng data, the sampling plan designs 
become more manageable and representatwe of the actual data needs An explanation of the 
EDA for each data group follows this general discussion 

Step 1. Assess SDat lal c o  rrelation to RFP 

The underlying assumphon of the EDA is that windborne transport is the pnmary 
mechanism for off-site surface soil contaminaQon Therefore, analytes, which have been 
identxfied in previous studies as potenhal windborne contaminants, are evaluated for 
spatxal correlatxon relative to their suspected source 

A simple method is used to explore this potenbal relahonship The data is organized into 
sectors similar to the sectors of a wind-frequency diagram The method consists of 
sortmg data into eight sectors with the contaminant source as the ongin It is 
hypothesized that the windborne contaminants will display a strong correlatron in the 
downwind direcbon relatwe to the source area Plots of concentration versus distance 
from the source area are then produced for the analyte in each sector Analytes that 
exhibit an apparent correlahon are categonzed as having spabal correlation to RFP 
Analytes that exhibit no correlabon are classified as having no spatial correlabon to RFP 

P \EGG-RFP\Area8\859\Sec-4b BKG (October 4, 1994) 



i I  
~I 
I 
I 

: I  
I 
I 
I 

I 

I 
I 

I 

I 
I 

ENVIRONMENTAL RESTORATION PROGRAM Manual Number RFP/ERM-94-00022 
Background Soils Charactenzation 4 0 Data Quality Objectives, Rev 0 
Work Plan FY94 Page 26 of 46 

Section 

Step 2. Evaluate Sources of Vanabilitv 

Step 2 of the EDA considers the analytes that showed no spattal correlatton to RFP 
This step explores the possibility of soil chemistry dependence on naturally occumng 
factors, such as soil type and geologic parent matenal For each analyte, the data is 
sorted by study area (1 e , OU2, OU3, etc ) and by soil type Box-and-whisker plots are 
generated to observe potenhal vanability attnbutable to soil type and geologic parent 
matenal 

Bep 3. Develop Spabal C orrelation Model 

Step 3 of the EDA develops a model that descnbes the relationship of distance and 
directton for the analytes that exhibited spattal correlabon to RFP A simple algonthm 
is used to descnbe the trend in each sector plot from step 1 The algonthm is a median 
smoothing method and IS descnbed in detal by Tukey (1977) and advocated by Cressie 
(1991) The median smoothing technique is designed to reveal underlying trends in data 
sets masked by large vanabons This algonthm is used because of its simplicity and its 
resistance to unusual or outlying data, ensunng that its results are not too sensittve to 
a small propomon of the data, some of which may be suspect 

SteD 4. Perform Vanoyram Analvsis of Residuals 

Step 4 of the EDA conhnues with the analyte data set that exhibited spatd correlahon 
to RFP This step uses the median smoothing results to remove the trend in the data 
(1 e , the potential RFP influence) Residuals are the output of the trend removal 
process A residual analysis is generally developed in stages and at each stage is 
re-expressed in the form of the following equatton 

VALUE = MODEL + FIT + RESIDUAL 
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where 

VALUE is either an onginal datum or some simple mathemabcal transform (such 
as the loganthm) 

MODEL is the value predicted at the preceding stage Thus, mulhple models can 
be used to explam the data and can be incorporated in an iterabve process For this 
analysis, the factors are distance and direchon from the source and are incorporated 
in a single stage 

FIT is a value determined by a small number of parameters (I e ,  the median 
smoothed fit) 

RESIDUAL is whatever is left over to make the equabon work 

The process stops when the residuals exhibit no pattern That is, no important 
correlahon with any factor can be idenbfied and the residuals are symmemcally 
distnbuted about zero "Important" means a correlahon that matenally reduces the 
vanability of the residuals once the correlabon is fit The vanability of the residuals 
should be made as small as possible When this occurs, one can tentabvely treat the 
residuals as realizabons of idenbcally distnbuted random vanables representmg forms of 
"error" or uncontrollable, natural, vanability To ensure that the trend has been removed 
from the data, the residuals are re-analyzed by the procedure in Step 1 If the model is 
appropnate, the residuals should be symmetncally distnbuted about zero 

It may sbll be possible to find a different kmd of pattem--a probabilishc pattem--in the 
residuals Rather than being independent random vanables, they may exhibit correlahon 
The most likely form of correlation will depend on locabon The stabsbcal analysis of 
such behavior is properly the domam of geostabsbcs Therefore, a vanogram analysis 
of the residuals is performed to investigate the potential of an underlying spatial structure 
in the data, which may be attnbutable to background concentrahons in the surface soils 
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If the vanogram analysis reveals a spabal correlation, the eshmated vanogram(s) are 
used to a d  the sampling plan design (Step 8) 

fl t t 

Step 5 considers two potenbal analyses in the EDA One analysis considers a data set 
that displays spahal correlabon to RFP (Step 1) and the vanogram analysis of residuals 
display no spabal structure (Step 4). For this component of Step 5 ,  the sector plots and 
median smoothmg results are revisited to esbmate the influence of RFP on soil chemistry 
in each sector The esbmates of RFP influence by sector is based on professional 
judgement The eshmated distances of RFP influence do not represent the actual extent 
of contaminabon due to RFP actwibes These esbmates are only used to filter for a 
"background" data set, which will be used to esbmate the number of samples necessary 
to charactenze the background populabon (Step 7) Samples outside the esbmated 
distances are extracted from the data set to create the background data set 

The other component is a data set that showed no spabal correlabon to RFP and is 
evaluated for the potenbal of soil chemistry dependence on naturally occurnng factors, 
such as soil type and geologic parent matenal For this component of Step 5,  the Rock 
Creek data set is assumed to be unaffected by RFP acbvibes and is representabve of 
background condibons 

SteD 6. Perform Vanogram Analvsis on "Background" Data Set 

A vanogram analysis of the filtered data set, defined in Step 5, is performed to evaluate 
the potential of a spabal correlabon structure in background soil concentrahons If the 
vanogram analysis reveals a spabal correlabon, the esbmated vanogram(s) are used to 
a d  the sampling plan design (Step 8) 
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Sten 7 .  Create Sta tisbcally-Based S amde Design 

Step 7 of the EDA ublizes the filtered background data sets to esbmate the requlred 
number of samples to charactenze background soil chemistry populabons Standard 
sample size esbmate equabons @PA, 1989a) are used for esbmating the required 
samples 

Suitable sampling regions are idenbfied dunng the EDA process 
locabons comply with strabficabon requirements necessary for each data group 

Final sampling 

SteD 8. C reate Geostat isbcallv-Based Sa mple Des ign 

Step 8 of the EDA process is considered in the event a "background" data set exhibited 
spabal structure (Step 6) or if a residual analysis revealed an underlying spaw structure 
(Step 4) Flatman and Yfanbs (1984) discuss design opbmizabon for spabally correlated 
vanables In general, their recommended design strategy is a systemabc gnd The gnd 
shape is detemned by the vatlogram the gnd shape is square if the direcbonal 
vanograms have little anisotropy, or rectangular and rotated to correct the anisotropy and 
the gnd length@) are read from the empincal vanogram as a funcbon of tolerable 
vatlance in the output (knging esbmates) or a fracbon (I 0 67) of the range 

The EDA for each analyte group (Secbon 4 3 2) found no apparent spatial structure 
(Steps 4 and 6) Thus, further discussion of the applicabon of these techniques was 
excluded 

The following secbons discuss the EDA for each analyte group The EDA discussion proceeds 
according to the steps shown in Figure 4-9 Following the discussion of the EDA by analyte 
group, a summary of the EDA and sampling design recommendahons are presented for each 
analyte group 
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4.3.2.1 Fallout Group 

As shown in Table 4-1, the objectwe of the fallout group EDA is to (1) assess the areal extent 
of fallout group contaminabon as a result of RFP acbvibes, (2) evaluate the suitability of the 
Rock Creek data set as background, and (3) provide a rabonale for the placement of background 
sampling locabons, if necessary 

Pluton1um-239/240 is the predominant concern for fallout group contaminabon in background 
areas as a result of RFP acbvibes Considenng this concern and the fact that 239m’Pu has the 
most extensive histoncal data base for both on-site and off-site lmhons, it seemed appropnate 
to use u9na0m, as an indicator for assessing the areal influence for the fallout group and 
subsequent sample design considerabons listed in Table 4- 1 

A visual inspecbon of the spabal distnbubon of u9m”Pu from a compilabon of most known 
samphng acbvibes (Figure 4-7) indicates that the 903 Pad was the predominant source of 2 3 9 9 u  
contaminabon in surface soils Thus, the EDA for 2 3 9 m ~ u  focuses on the relabonship of 2 3 9 n ~ u  
relabve to the 903 Pad for surface soils 

Step 1 of the EDA process (Figure 4-9) was applied to the u91240pu data set to explore the 
potenbal relahonship of 239m”Pu and the 903 Pad Eight sectors, corresponding to the sectors 
used to display wind data dunng 1953 through 1970 (from Krey and Hardy, 1970), were used 
to sort and group the 239m0pu data for inspecbon Litaor (1993b) indicates that windborne 
dispersal of 239m!Pu from the 903 Pad was effechvely halted by the asphalt capping of the 903 
Pad area in 1969 Figure 4-10 illustrates the onentabon and locabon of the sectors used to sort 
the u91240pu data Figure 4-11 shows 239m0pu versus distance and median smoothing (Step 2 of 
EDA) For comparabve purposes, Figure 4-1 1 shows the maximum and minimum 239m0pu 
ranges from Lawton (1989), in each sector As suspected, the sectors downwnd of the 903 Pad 
(sectors 1, 7, and 8) show elevated 2 3 9 m ~ u  activibes at large distances [approxlmately 6096 m 
(20,000 I?)] from the 903 Pad The relabonship of u9m0pu and distance in the remiuning sector 
plots is less evident 
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Sector 3 consists of 239/24’% data from OU7 and the Rock Creek data set In sector 3 ,  the 
median smooth fit shows the trend of 239/24!Pu acbvity dipping below the upper range of the 
Lawton (1989) data set before the distance where the Rock Creek data are located However, 
the upper range of 239m!Pu acbvity in the Rock Creek area is significantly above the maximum 
value in the Lawton (1989) study The vanability and upper range of 99m0Pu actmty in the 
Rock Creek area, combined with the lack of data at larger distances from the 903 Pad in sector 
3, provides no clear basis for charactenzing the Rock Creek data set as representmg background 
for fallout radionuclides Therefore, a remote sampling plan for Pu is appropnate 

Appendix B also contams box-and-whisker plots of radionuclide achvity by sector for 89/90Sr, 
137Cs, and 241Am Cs and Sr, 
however, show no apparent spatd correlation to RFP, suggestmg they are not a windborne 
contaminant 

Am and Pu display a similar spahal correlabon to the RFP 

Step 4 of the EDA process was applied to the u9n4!Pu data, using the median smoothing fit to 
remove the apparent trend (1 e , RFP influence) in the data A vanogram analysis, however, 
revealed no spatial correlabon structure of residuals Therefore, Step 5 of the EDA process was 
applied 

Step 5 of the EDA provided a rationale for the number of background samples necessary to 
charactenze fallout radionuclides Due to the lack of data at large distances in sectors 3 ,  4,  5, 
and 6, it was difficult to esQmate the distance at which u9ns0Pu acuvibes merge with background 
in these sectors However, in sectors 1 ,  2 ,  7 and 8 the correlabon was more evident 
Therefore, only sectors 1 ,  2,  7,  and 8 were considered in Step 5 of the EDA 239m”Pu samples 
outside the estmated distances within each sector were extracted from the data set to create the 
background data set Summary statistm were then calculated from these data and applied to 
standard sample size estimate equations (EPA, 1989a) Table 4-2 contams the information for 
estimatmg the sample size, including typical confidence and power for the esomates It should 
be noted that three outliers (0 77, 0 24, and 0 15 pCi/g) were eliminated from the background 
data set after the filtenng process Removal of the outlier values, which were clearly not of the 
same population as the remaning data, decreased the vmance of the data set by 88 percent and 
the resultmg esbmated sample sizes from 590 to 28 The total number of samples in the filtered 
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TABLE 4-2 

BACKGROUND Pu SAMPLE SIZE ESTIMATES 

Lawton (1989) 
1 

Esbmated number of samples 2 [(Z, + ZI)/D]* + 0 5 Z,' @PA, 1989a) 

80% 
95 % 
Percenble for standard normal distnbuhon such that P(Z 2 ZJ =a 
Percent.de for standard normal distnbubon such that P(Z2Z6)=S 
20% (Minimum Detectable Relatwe Difference) 
MDRD/CV 
Mean/Standard Deviahon 

Outlier values of 0 77, 0 24, and 0 15 were eliminated from the filtered "background" 
data set to esbmate the number of samples to charactenze background plutonium 
populabon 
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data set after removal of outhers was 37 For comparabve purposes, sample size esbmates 
based on the Lawton (1989) study are also illustrated in Table 4-2 The eshmated sample size 
required to characterxze the "9m"Pu populahon based on the Lawton data is 53 Because it was 
unclear as to the extent of influence of ugmOPu contaminabon as a result of RFP achvibes, 
remote sampling locabons are recommended in order to be conservabve in the sampling design 
approach for the fallout group Approximately 50 remote sample locabons should be randomly 
chosen to address the issue of RFP influence and further charactenze orographic and 
precipitabon effects with respect to 239n40pu deposihon along simlar Front Range physical 
sethngs 

4.3.2.2 Metals Group 

As shown in Table 4-1, the objechve of the EDA for metals and naturally occurnng radionuclide 
metals is to (1) assess the areal extent of metal contaminabon as a result of RFP acbvibes, (2) 
evaluate the relationship of sod type and geologic parent matenal to metal concentrabons, (3) 
assess the suitability of the Rock Creek data set as background, and (4) provide a rabonale for 
the placement of background sampling locabons, if necessary 

For metals, the potenbal for windborne contaminabon of surface soils is less clear The Task 
6 report (ChemRisk, 1993) lists arsenic (As), beryllium (Be), cadmium (Cd), chromium (Cr), 
lead (Pb), mercury (Hg), and nickel (Ni) as being potential contaminants as a result of RFP 
acbvibes Beryllium, however, is the only metal listed as a potenbal windborne contaminant 
resulbng from general RFP acbvibes Therefore, the EDA for metals focuses on beryllium in 
surface soils but also includes the above menhoned metals In addibon to these seven metals, 
the EDA also explores Li, selenium (Se), 235U and "*U Table 4-3 lists the rationale for 
considenng these metals in the EDA 

The EDA for Be in surface soils considers descnbing its spabal relabonship to RFP based on 
the proximity to the center of RFP industnal area (Step 1 of the EDA) Figure 4-12 illustrates 
the orxentahon and locabon of the sectors used to sort the Be data Figure 4-13 shows Be versus 
distance and the median smoothing For comparabve purposes, Figure 4-13 shows the maximum 
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TABLE 4-3 

METALS CONSIDERED IN EXPLORATORY DATA ANALYSIS 

METAL 

Beryllium 
Lithium 

Arsenic 
Cadmum 
Chromium 
Lead 
Mercury 
Nickel 

Selenium 

REASON FOR CONSIDERATION IN EXPLORATORY DATA 
ANALYSIS 

Possible windborne contaminant as a result of RFP achvihes 
(Chemlhsk, 1993) 

Possible contaminant as a result of RFP acbvihes (ChemRsk, 1993) 

Toxicity 

Naturally occurnng metal/radionuclide 
Possible windborne contaminant 
Possible contaminant as a result of RFP achvihes (Chemfisk, 1993) 
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and minimum Be ranges from Shacklette and Boerngen (1984), in each sector The median 
smooth curve reveals no discernable correlabon of Be with distance from the center of RFP 

Appendix C contams box-and-whisker plots of the Be data by sector Consistent with the 
preceding plutonium analysis, it would be expected that the downwind sectors (1, 7 ,  and 8) 
would contam elevated levels of Be m surface soils if it was a windborne contaminant 
However, these plots indicate a consistent range of Be concentrabons, in each sector, with the 
excepbon of a smgle outlier Therefore, there is no evidence to suggest that Be is a windborne 
contaminant and that the Rock Creek dmnage has been affected by RFP acbvibes for Be Box- 
and-whisker plots of metal concentrabon by sector, for the remzuning metals, are also presented 
in Appendix C 

Step 2 was performed on the Be to evaluate the potenbal vanability of Be between soil types 
Box-and-whisker plots, orgamzed according to the major soil types are also presented in 

Appendix C In general, each metal is grouped by study and by soil type For simplicity in 
observing the metals data, each metal was also grouped first by sod type and then by study 
This analysis did not reveal a significant difference between soil types for the metals analyzed 
For each metal, significant vanabons in concentrabon ranges can be explaned by a companson 
between studies (1 e , a parbcular OU contnbuted the larger metals concentrations) Thus, based 
on avzulable data, strabficabon of background sampling by soil type did not appear as a necessity 
for charactenzation of background surface soil 

Naturally occumng 23sU and 238U were also analyzed similarly to the metals analysis The 
spabal analyses for the U isotopes, however, was performed relabve to proximity to the 903 Pad 
(Step 1 of EDA) Figure 4-10 lllustrates the onentabon and locabon of the sectors used to sort 
the u5U and u8U data Figure 4-14 shows ='U versus distance and median smoothing For 
comparabve purposes, Figure 4-14 shows the "8U range from literature compiled from Colorado 
locabons, for each sector No correlabon was found in the 235U data and is subsequently not 
presented Sector 3 contams the u8U data for the Rock Creek data set It is clear from these 
plots that a relabonship of distance from the 903 Pad exists with the u8U Unlike u9*0pu, 

however, the downwind 238U activibes quickly drop and level-off well within the u8U range 
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compiled from literature Data from sector 3 also are consistently within the literature range 
with the excepbon of two points proximal to the 903 Pad These two points are not, however, 
part of the Rock Creek data set Sector 4 shows elevated 238U achvihes which correspond to 
OU5 Thus, the EDA reveals no evidence that suggest the Rock Creek dmnage has been 
affected by RFP activities for naturally occumng Step 2 was performed on the naturally 
occumng U data to evaluate the potenhal vanability between soil types Step 2 of the EDA 
presents % and 238U data in box-and whisker plots relabve to study and soil type (see Appendix 
C) Examinahon of these plots reveal elevated achvihes in OU5 and no significant correlahon 
to soil type Thus, based on avalable data, strahficabon of background sampling by soil type 
does not appear as a necessity for charactenzatron of background surface soil 

Since the metals EDA suggests that there is no evidence indicatrng that the Rock Creek data 
have been affected by RFP acbvibes, the Rock Creek data are considered representatwe of 
background condibons at RFP (Step 5) A vanogram analysis was performed on these data 
(Step 6) and revealed no spatial correlahon structure 

For step 7 of the EDA, the Rock Creek data were used to esbmate the number of samples 
required to charactenze background metals Summary stabshcs were calculated from these data 
and applied to standard sample size estrmate equations @PA, 1989a) Table 4-4 contams the 
mformabon for esbmabng the sample size, including typical confidence and power for the 
esbmates Eleven of the 12 metals analyzed indicate a maximum 14 samples necessary for 
charactenzing the background populabon The Rock Creek data set has 18 data points for 
metals, therefore, this analysis would indicate that the Rock Creek data set is sufficient 
However, usU requires 33 samples to charactenze background It should be noted that a single 
outlier (0 12 pCi/g), determined from a visual inspechon of box-and-whisker plots, was 
eliminated from the 23sU data set The Rock Creek data contams 16 235U sample locabons 
Therefore, a minimum of 17 addihonal samples randomly located in similar pedogenic and 
geomorphic conditions to those found at the OUs on-site should be collected 

P \EGG-RFP\Area8\859\Sec-4b BKG (October 4, 1994) 

0 1  



ENVIRONMENTAL RESTORATION PROGRAM Manual Number RFP/ERM-94-00022 
Background Soils Charactenzation 4 0 Data Quality Objectives, Rev 0 
Work Plan FY94 Page 42 of 46 

Section 

Mercury 

Nickel 

Selenium 

2330MUranium 

TABLE 4-4 

33 13 

29 10 

31 11 

14 4 

BACKGROUND METALS SAMPLE SIZE ESTIMATES 

Maximum Esbmated Samples = 33 
Addibonal Samples Required = 17b 

Esbmated number of samples 1 [(Z, + Z5)/DI2 + 0 5 Z,' (EPA, 1989a) 

Confidence (a) = 80% 

za = Percenble for standard normal distnbubon such that 

z5 = Percenble for standard normal distnbubon such that 

MDRD = 20 % (Minimum Detectable Relahve Difference) 

cv = Mean/Standard Deviabon 

Power (f3) = 90% 

P(Z 2 Z J  = Q 

P(Z 1 Z,) =s 
D = MDRDKV 

' Outlier value of 0 12 eliminated from Rock Creek data set to esbmate the 
number of samples charactenze background U-235 populabon 

Value obtiuned by subtracting number of Rock Creek samples from esbmated 
number (33 - 16 = 17) 
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4.3.2.3 Organics Group 

The infrequency of detecbon for organic compounds precluded any meaningful EDA or 
stabsbcal analysis to provide a rabonale for the locabon and number of background organic 
samples to collect As indicated in Secbon 3 ,  Previous Invesbgahons, the purpose of evaluabng 
the site-specific studies with respect to the organic chemical data was to examine background 
concentrahon ranges for future RCRAICERCLA decision-makmg Most of the chemicals 
detected appear to be associated with non-point source contaminabon PAHs, phthalate esters, 
and pesucides are charactenstx of anthropogenic background and their concentmbon ranges are 
dependent upon the land use in the area Ths informabon was considered when developing a 
sampling design 

As previously discussed, a demled EDA was not appropnate for organic compounds due to the 
small number of detects in the Rock Creek data set and across the site Therefore, to 
supplement the Rock Creek data for organics, the metals sample locahons whch were randomly 
selected will also be analyzed for organics 

4.3.2.4 Soil Profile Group 

The pnmary objecbve of the soil profile samp,,ng is to provide baseline soils charactenzabon 
of natural soils similar to those found in affected areas at RFP Similar charactenzabons at 
other DOE facihbes (Oak Fbdge, Hanford, Savannah Fbver Site) have generally employed a 
limited number of sampling locahons for each of the major soil groups In order to provide 
cost-effecbve, useful baseline soil charactenzmon data, the BSCP wlll collect samples from 
approximately 15 to 20 backhoe excavated soil pits from the soil-landscape-geologic associabons 
discussed in Secbon 2 6 5 

4.3.3 Summary of Exploratory Data Analysis and Sample Design Recommendations 

This secbon presents a summary of the EDA for the analyte groups and the recommendabons 
for sampling designs based on these results 
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4.3.3.1 Fallout Group Sampling 

From the EDA it was shown that a remote sampling design is appropnate for charactenzing 
background fallout radionuclides in surface soils Table 4-5 lists the sample design 
recommendabons Approximately, 50 remote sampling locabons are recommended In addibon 
to being remote to RFP, these areas control for 

Land use (undisturbed grassland) 
Precipitabon similar to RFP area [approximately 38 to 41 cm (15 to 16 in) per year] 

Secbon 5 0 discusses the sampling plan and analyte list for the fallout group in deml 

4.3.3.2 Metals and Organics Group Sampling 

As discussed in Secbon 4 3 2 3,  the metals and organics sampling acbvity has been combined 
For metals, the EDA (Secbon 4 1 2) did not indicate that the Rock Creek data had been affected 
by RFP activlbes Therefore, a sample design in the vicinity of the Rock Creek data set is 
recommended The metals EDA also showed no indicabon for strabficabon by soil type 
However, it is recommended to locate addibonal background samples in similar pedogenic and 
geomorphic conditions to those found at the OUs on-site Similar surface deposits and soil types 
are found on three representabve landforms pediments, valley slopes, and dramage bottoms 
The Rock Creek data set has located nine samples on south aspect valley slopes, three on the 
pediment shoulder, and six on the pediment surface Approximately 20 samples, in addihon to 
the Rock Creek data set, was esumated to be adequate In order to represent the previously 
menboned strata, six samples shall be randomly located in the dmnage bottoms, seven on the 
pediment surface, and seven on the valley slopes Table 4-5 contams the recommendabons for 
the metals sample design 
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To supplement the Rock Creek data for organics, the metals sample locabons will also be 
analyzed for organics Table 4-5 contams the recommendations for the organics sample design 
Secbon 5 discusses the sampling plan for metals and organics in more deb1 Secbon 5 also lists 
the metals and organics that will be analyzed 

4.3.3.3 Soil Profile Group Sampling 

Precedent for a soil profile sampling technique has been established in studies directed by M 
I Litaor for OU1, OU2, OU3, and OU6 regarding soil pedogenesis and verhcal distnbubon of 
actrnides in soil, and is outhned in EMD-OP Volume 111 GT 07 This sampling technique is 
generally consistent with USDA-SCS soil profile descnpbon techniques and shall meet the 
requirements for meetrng the objectrves for the soil profile data type Design recommendations 
for soil profile sampling are a combinatron of judgmental and strabfied random sampling These 
designs are recommended to ubhze professional judgment for selecbng representatrve soil 
taxonomic families and ecological map units In general, the soil profile sampling will be 
located on-site, upwind and upgradient of industnal area of W P  Secbon 5 discusses the soil 
profile sampling in more detad 

P \EGG-RFP\Area8\859\Sec-4b BKG (October 4 ,  1994) 



ENVIRONMENTAL RESTORATION PROGRAM Manual Number RFPERM-94-OOO22 
Background Soils Characterntion Section 5 0 Field Samplmg Plan, Rev 0 
Work Plan FY94 Pane 1 of 21 

5.0 FIELD SAMPLING PLAN 

The sampling design presented in this sechon is composed of three sod sampling achvibes 

Soil profile sampling 

Fallout group surface soil sampling 
Metals and organic groups surface soil sampling 

Each achvity is descnbed in Subsections 5 1,  5 2, and 5 3 Field quality control samples are 
discussed in Secbon 5 4 Table 5-1 idenbfies the Enwonmental Management Division (EMD) 
Operahng Procedures (OPs) to be used dunng implementahon of the BSCP field program 
Tables 5-2, 5-3, and 5-4 list the analytes for samples collected for each sampling acbvity 

5.1 FALLOUT GROUP SURFACE SOIL SAMPLING 

This sechon presents the field sampling plan for surface soil fallout radionuclides This section 
includes the following elements 

Selection of sampling lmbons 
Sampling method 

5.1.1 Selection of Sampling Locations 

This sampling activity was designed to charactenze the background concentrabons in surface 
soils for radionuclides generated by fallout The specific radionuclides of interest include 

analysis (Section 4 0), the idenhficahon of potenhal sampling locabons is conditional to the 
following location cntena 

9 , 137Cs, and 89'90Sr Based on the coqceptual model and the exploratory data 239J240pu 2 4 1 ~ ~  
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TABLE 5-2 

ANALYTE LIST FOR FALLOUT GROUP 

II Fallout Group II 
Fallout Radionuclides 

24 * Amencium 

*37Cesium 

2j9’240Plutonium 

89/90Stron~um 

Physical Parameters 

Bulk Density 

Parbcle Size Distnbubon 
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TABLE 5-3 
ANALYTE LIST FOR METALS AND ORGANICS GROUP 

I 
~~ 

METALS GROUP 
I ' Target Analyte List (Metals) 

Alummum Chrormum Manganese Strontium* 

Antimony Cobalt Mercury Thallium , h m c  Copper Molybdenum* Tm* 

Banum Cymde Nickel Vanadium 

Beryllium Iron Potassium zmc 

Cadrmum Lead Selemum 

Calcium Lithum* Silver 

Cesium* Magnesium Sodium 

Naturally Occurring Radionuclides Metals 

a3*mUmum W m u m  =Radium 

a5Umum %adium 

Chemical Parameted?hysical Roperbes 

Ammoma Oil and Grease PH Bulk Density 

Nitrate/Nitnte Carbonate Specific Conductance Particle Size 
Distnbution 

Total Orgmc Carbon 

ORGANICS GROUP 

Target Compound Llst (Semivolatiles) 

Phenol bis(2- Acenaphthene Fluoranthene 

bis(2-Chloroethy1)ether 2,4-Dichlorophenol 2,CDmtrophenol Pyrene 

2-Chlorophenol 1,2,4-Tnchlorobenzene 4-Nitrophenol Butylbenzylphthalate 

Chloroethox y )methane 

1,3-Dichlorobenzene Naphthalene Dibenzofuran 3,3'- 
Dichlorobetmdme 

1 ,4-Dichlorobenzene 4-Chloromlme 2,4-Dmitrotoluene Benzo(a)anthacene 

Benzyl alcohol Hexachloro butadiene Diethylphthalate Chrysene 

1,2-Dichlorobenzene 4-Chloro-3-methylphenol 4-Chlorophenyl-phenyl bis(2- 
(para-chloro-meta-cresol) ether Ethylhexy1)phthalate 
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TABLE 5-3 (CONCLUDED) 

ANALYTE LIST FOR METALS AND ORGANICS GROUP 

Semivolables (Concluded) 

bis(2- Hexachlorocyclopentadiene 4-Nitroamlme Benu>(b)fluoranthene 
Chloroisopropy1)ether 

4-Methylphenol 2,4,6-Tnchlorophenol 4,6-Dmtro-2- Benzo(lc)fluoranthene 

N-Nitrosodi-n- 2,4,5-Tnchlorophenol N-mtrosodiphenylare Benzo(a)pyrene 
prop y lamme 

Hexachloroethane 2-Chloronapthalene 4,-Bromophenyl- Indene( 1,2,3- 

Nitrobenzene 2-Nitromlme Hexachlorobenzene Dibenz(a, h)anthracene 

Isophorone Dimethyl phthalate Pentachlorophenol Benzo(g,h,i)perylene 

2-Nitrophenol Acenaphth ylene Phenanthrene 

2,4-Dimethylphenol 2,6-Dmtrotoluene Anthracene 

Benzoic acid 3-Nitrmlme Di-n-butylphthalate 

Target Compound List (Pesbades and PCBs) 

methylphenol 

phenylether cd)p yrene 

alpha-BHC Endosulfan I Methoxychlor AROCLOR-1232 

beta-BHC Dieldm Endm Ketone AROCLOR-1242 

delta-BHC 4,4’-DDE alpha-Chlordane AROCLOR-1248 

gamma-BHC Endosulfan I1 gamtna-Chlordane AROCLOR-1254 
(Lindane) 

Heptachlor 4,4’-DDD Toxaphene AROCLOR- 1260 

Aldrin Endosulfan Sulfate AROCLOR- 10 16 

Heptachlor Epoxide 4,4’-DDT AROCLOR-1221 

* Non-TAL metals 
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TABLE 5-4 

ANALYTE LIST FOR SOIL PROFILE SAMPLING ACTIVITY 

SOIL PROFILE GROUP 

Target Analyte Llst (Metals) in Genetic Honzon 

Alummum Cesium* Magnesium Silver 

Antimony Chromum Manganese, Total Sodium 

Cobalt Mercury Strontium* 

Banum 

Beryllium 

Copper 

Iron, Total 

Molybdenum* Thallium 

Nickel Tm* 

Cadmum Lead Potassium Vanadium 

Calcium Lithmm* Selemum ZlnC 

Naturally Occunng Radionuclide Metals in Genetrc Honzon 

P3~Uraruum YJraruum "'Umum =Radmm 

=Radium 

Phvsical/Chemical Parameters in Genetrc Honzon 

Soil Profile Cation Exchange Capacity Moisture Content Ammoma 
Descnptions 

Soil Honzon Major Exchangeables 96 Solids 
Descnptions 

Bulk Soil Density Clay Mmeralogy Nutnents 

Particle Size Calcium Carbonate Microorgamsms 
Distnbution 

Specific Surface Sesquioxides Carbonate 

Specific Conductance PH 

Total Orgamc Carbon 

Achnides in Depth Increments 

h e n c i u m  p9MoPlutomum 

* Non-TAL metals 
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Remote to RFP 
East of the Rocky Mountam Front Range 
Precipitahon similar to RFP (approximately 15 to 16 inches per year) 
Undisturbed or least disturbed areas similar to rangeland areas at RFP 

Land access 
Minimal external influence (I e , activibes that would render an area not typical of 
background) 

Eight eligible sampling areas have been idenhfied and the sites visited along a belt east of the 
Front Range of Colorado from approximately Fort Collins to Colorado Spnngs Besides meeting 
the locabon cntena, the eligible areas are owned by public agencies that have prelimrnanl) 
approved access to the properhes The task of idenhfying sampling locahons is ongoing at the 
hme of publicahon of this draft work plan The cross-hatch in Figure 5-1 illustrates the region 

that has the potential of satsfying the eligible locahon cntena Final sampling locations with in  

each selected sampling area wdl be dependent on the following 

Final permission to access the sampling areas 

Random selechon of samples in each area 

Professional judgment to ensure the sample locahons are in undisturbed soils or least 
disturbed soils If the site has been physically disturbed, another locahon will be 
selected and the procedure repeated 

5.1.2 Sampling Method 

Surface soil sample points will be located in accordance with sampling plot layout procedures 
in GT 08 Surface Soil Sampling After samples are collected wthin a sampling plot, the 
southwest comer of the plot will be surveyed using a global posiboning system (GPS) method 
or standard land surveying techniques if GPS surveying cannot be performed The GPS 
surveying procedure is outlined in GT 27, GT 28, and GT 29 The land surveying procedure 
is outlined in GT 17 Sample locabon will be sketched on a field map before leaving the field 
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Five 2,500 cubic centimeter (cm') [ 150 cubic inches (in3)] samples will be collected from a one- 
meter-square (m2) [ 10 76-foot-square (ft2)] area and composited following the RF soil sampling 
method (EG&G EMD OP GT 08) The RF method (Figure 5-2) employs a 10 by 10 by 5 cm 
(3 9 by 3 9 by two in) deep jig dnven into the soil Soil samples are removed from the intenor 
of the jig with a starnless steel scoop and placed in a stamless steel pan Five samples are 
collected by this method from within a one-meter-square template, one from each intenor 
corner, and one from the center of the template. These five samples are first sieved through a 
10-mesh metal sieve, placed in a starnless steel bowl, and mixed A composited sample is 
placed mto a sample contamer which has been labeled according to procedure FO 13, 
Contamenzation, Preserving, Handling, and Shipping of Soil and Water Samples Sample 
conmnenzation and holding time requirements are summanzed in Table 5-5 

This process is descnbed in FO 09 The sieve, jig, trowel, and pan will then be decontaminated 
pnor to collectmg the next sample by following procedure FO 3, General Equipment 
Decontamination Field documents will be completed in accordance with FO 02 and field data 
will be managed per procedure FO 14, Field Data Management Samples will be analyzed for 
the analytes identified in Table 5-2 

5.2 METALS AND ORGANIC GROUPS SURFACE SOIL SAMPLING 

This section presents the field sampling plan for metals (including U and Ra) and organic 
compounds This section includes the following elements 

Selection of sampling locabons 
Sampling method 

5.2.1 Selection of Sampling Locations 

This sampling activity was designed to charactenze the background concentrations in surface sod 
for the following 
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TABLE 5-5 

SAMPLE CONTAINERS AND HOLDING TIMES FOR SOIL SAMPLES 

TAL metals plus Cs, Li, 
Mo, Sn, Sr 

1 x 250 ml wide- 
mouth glass jar 

180 

TCL semivolatdes, 1 x 250 ml wide- 
pesbcides, and PCBs mouth Teflon-lined 

Jar 
Fallout and naturally 1 x 1 1 wide-mouth 
occumng radionuclides glass jar 

TOC, anions, pH, 
specific conductance and 
oil and grease 

Bulk density and pmcle 
size distnbubon 

1 x 250 ml wide- 
mouth glass jar 

1 gallon plashc jug 

7 unbl extracbon, 
40 after extracbon 

180 

28 

None 

* Holding time for mercury is 28 days 
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TAL metals and Cs, Li, Mo, Sr, and Sn 

Organic compounds including base-neutral extractable semivolable compounds, 
pesticides, and PCB compounds 

As discussed in Secbon 4 3, the EDA indicates that the Rock Creek data set is located in a 
background area with respect to these analytes and that the concentrabons are within published 
values (notwithstanding vanability with respect to non-point-source pollubon) Therefore, this 
sampling effort is intended to augment the Rock Creek data set for those analytes Addibonally, 
soil data collected for this acbvity will include other soil parameters including ammonia, 
nitrate/nitnte, oil and grease, specific conductance, carbonate, pH, total organic carbon, pmcle 
size, and bulk soil density These other surface soil parameters are intended to be used for 
modehng and water quality parameters Consistent wth data collected for the Rock Creek data 
set and other OU soil sampling efforts 

Based on the conceptual model and the EDA, the idenbfication of potenbal sampling locabons 
are condibonal to the following factors 

Land use 
Land access 

Soil type and geologic parent matenal 

Undisturbed areas north of RFP in the selected sampling area in Boulder County that are 
representabve of soils and parent matenals similar to those found at RFP have been chosen for 
sampling Preliminary approval for access has been indicated by the Boulder County Open 
Space Department Although the EDA indicates that metals and uranium isotopes at RFP are 
not significantly dependent on soil type in the surface soil, this sampling acbvity will ubhze a 
strabfied random sampling design to be conservabve in its approach Boulder County soils were 
not mapped according to the same soil map-unit design as the RFP site sods However, the 
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geologic map-units and landforms in the selected area in Boulder County are similar to RFP 
geologic map-uruts and landforms Since there is a correlatron between sod map-uruts at the 
subgroup level and geologic map-units and landforms at RFP, this same correlatron should exist 
in the selected sampling area in Boulder County Accordingly, the metals and orgamc groups 
sampling acbvity will be stratified according to geologic map-units and landforms in the selected 
sampling area north of RFP 

Figure 5-3 shows the locahon of the proposed sampling sites The samples will be analyzed for 
the analytes listed on Table 5-3 Final sampling locatrons will be dependent on the following 

Final permission to access individual sample sites 

Professional judgment to ensure the sample locatrons are in undisturbed soils If the 
site has been physically disturbed, another locabon wdl be randomly selected in the 
same soil type and geology, and the procedure repeated 

5.2.2 Sampling Method 

The sampling methodology, surveymg sample locahons, equipment decontamination, sample 
handling, and documentation requirements that will be employed are similar to those descnbed 
in Section 5.1 2 

5.3 SOIL PROFILE SAMPLING 

This secbon presents the field sampling plan for soil profile sampling This sectron includes the 
following elements 

Selection of sampling locatrons 
Sampling method 
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5.3.1 Selection of Sampling Locations 

The purpose of the soil profile sampling is to collect baseline soils profile data in undisturbed 
or least disturbed soils The objecbves of soil profile sampling are 

to provide data to assess the distnbuhon of actmides with depth in soils west of the 
RFP industnal area and upwind from the former storage site (903 Pad) 

to provide data regarding selected physicochemical attnbutes and pedological 
processes that may govern the fate and transport of contaminants in soils upwind and 
upstream from RFP 

The soil pits will be excavated in undisturbed or least disturbed sites Approximate sampling 
locabons have been selected in the northwest buffer zone to select areas that have minimum 
potenbal effects from contaminants spread east and southeast by prevading winds from the 903 
Pad and the industnal area and by surface or groundwater flow from RFP contaminant sources 

Selecbon of sample sites is intended to represent most major soil groups discussed in Sechon 2 0 
of the workplan and are tabulated in Table 2-1 As discussed 111 Secbon 2 0, each soil group 
whose member soils share similar soil classificabons occurs on parhcular landforms as a result 
of a complex relabonship among such factors as geologic parent matenal, slope posihon, 
climate, and natural vegetabon As a result of this complex relahonship, sampling design for 
choosing soil profile locabons is a design based on professional judgment 

In order to best represent the major soil groups, the sampling design will be based on the catena 
concept A catena is a group of geographically associated soils having propemes related to the 
gradient of a slope as well as to the posibon of the soil on the slope (Soil Survey Staff, 1985) 
Soils across a catena influence each other in their development, especially on hilly t e m n  where 
water movement interconnects the soils as at RFP (Litaor, 1992). To address the diffenng soil 
propemes along a catena, the sampling plan will include the sampling of soil pits located on the 
pediment surface, the upper slope, midslope, and toeslope of pomons of the Rock Creek 
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dramage (Figure 5-4) Three catenas wdl be located across sechons of Rock Creek in the 
northwest buffer zone Approximate locahons are shown in Figure 5-5 The final locabon of 
the soil pits wll be established in the field using aenal photographs, soil and topographic maps, 
and professional judgment 

5.3.2 Sampling Method 

Sampling the soil profiles for charactenzabon of radionuclide content and distnbubon involves 
the following special considerahons 

The potenbal for cross-contaminabon due to the introducbon of surface matenals into 
subsurface honzons 

The collecbon of Sufficient matenal for representative acbnide acbvibes and other 
soil parameters 

The selecbon of a realishc sampling design that considers the high cost of achnide 
analyses and provides sufficient informabon regarding the vemcal distnbubon of 
achnides in  the soil profile 

In light of these considerabons, a special sampling method will be employed as outlined in 
EG&G EMD OP GT 07, Logging and Sampling of Test Pits, Trenches, and Construcbon 
Excavahofis This method involves digging a pit, three to five m (9 8 to 16 4 ft) long, one m 
(3 3 ft) wide, and one m (3 3 ft) deep The vegetahon, at the surface of the pit wall selected for 
sampling, will be clipped close to the ground and discarded The surface of the selected wall 
will then be thoroughly scraped with a stsunless-steel spade to reduce the possibility of cross- 
contaminahon Ten soil samples will be collected per pit according to the following depth 
intervals zero to 3, 3 to 6, 6 to 9, 9 to 12, 12 to 18, 18 to 24, 24 to 36, 36 to 48, 48 to 72, and 
72 to 96 cm (zero to 1 2,  1 2 to 2 4,  2 4 to 3 5, 3 5 to 4 7, 4 7 to 7 1 ,  7 1 to 9 4, 9 4 to 14 2, 
14.2 to 18 9, 18 9 to 28 3 ,28  3 to 37 8 in) A bottom-to-top sampling sequence will be adopted 
to reduce further the nsk of cross-contamination Each soil sample will be collected from within 
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a honzontal cavity dug into the trench face at a selected depth An excepbon to the three cm 
depth intervals will be made for near-surface samples [zero to 12 cm (0 to 4 7 in)], where the 
soil may be too fnable to permit discrete sampling To sample the top secbon of the profile, 
the samphng will begin at ground level using a knife and spatula to cut an area approximately 
25 cm (9 8 in) long, 20 cm (7 9 in) wide, and three cm (9 8 in) deep The enhre soil mass in 
the this area will be collected including roots and pmally decomposed organic matenal 
Sampling will contmue in this manner for intervals as much as 12 cm (4 7 in) deep 

Sampling for trace elements and for other physical and chemical parameters listed in Table 5-4 
will be conducted by obmning samples from each of the major genebc soil honzons rather than 
by the incremental depth procedure The surface of the selected wall to be sampled will be 
scraped as descnbed above to reduce the possibility of cross-contaminabon After a soil honzon 
has been descnbed and classified according to guidelines established by the Soil Survey Staff 
(1984, 1985, 1992), three subsamples - one from the upper third of the honzon, one from the 
mddle thlrd, and one from the lower third - wdl be collected from withm honzontal cavities dug 
into the trench face in that soil honzon The subsamples will be mixed and composited to 
compnse the sample for that honzon The process will be repeated for each of the major soil 
honzons (approximately 2 to 5 per test pit) 

All samples will be contamenzed and labeled according to procedure FO 13, Contamenabon, 
Preserving, Handling, and Shipping of Soil and Water Samples Sample contamenzahon and 
holding-hme requirements are summanzed in Table 5-5. This process is descnbed in FO 09 
The spatula and knife will then be decontaminated pnor to collectmg the next sample by 
following procedure FO 03, General Equipment Decontaminahon Field documents will be 
completed in accordance with FO 02 and field data will be managed per procedure FO 14, Field 
Data Management The backhoe used for excavabon will be decontarmnated between sites using 
procedure FO 04, Heavy Equipment Decontaminabon Per 94-DMR-001175, decontaminabon 
water will be disposed on the ground surface at least 50 feet from the sampling locabon such 
that the water cannot discharge to any stream, pond, or surface water impoundment 
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5.4 FIELD QUALITY CONTROL 

Dunng the BSCP field invesbgabon, equipment nnsate blanks and field duplicate quality control 
(QC) samples will be collected in accordance with the RFP ER Program The frequency for the 
field QC samples is specified in Table 5-6 These samples will be reviewed to evaluate the 
quality of the sampling program and to assess sample homogeneity 

Equipment nnsate blanks are used to monitor for sample cross-contaminabon and the 
effectweness of the decontaminabon process The equipment blanks are collected by nnsing 
decontaminated sampling equipment with distilledldeionized water, placing it in the appropnate 
contamer, and preserving as required Field blanks are used to monitor for sample 
contaminahon attnbutable to the sample contmners, disblled/deionized water, and preservabves 
The field blanks are collected by filling appropnate contamers with disblled/deionized water and 
preserving as required Field blanks will only be collected and analyzed if the equipment blank 
results indicate a contaminauon problem 

For soil samples, it is necessary to split the homogenized sample into two, duplicate porhons 
using the same technique The data from the sample and duplicate will provide a measure of 
the sampling precision and sample homogeneity, i e the amount of error in the data attnbuted 
to sampling technique or to vanability in the analyte concentrabon in the medium being sampled 

Precision of the field duplicates is quanbfied by calculabng the relative percent difference 
(RPD) The RPD is the quobent of the difference between the duplicate analytical results and 
the average of those results for the given analyte expressed as a percentage 
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TABLE 5-6 

FIELD QC SAMPLE FREQUENCY 

Duplicates 

Equipment 
Blaqks 

Field Blanks' 

PARAMETER 

TOTAL 
SURFACE 
SAMPLES 

QC SAMPLE 
FREQUENCY 

TOTAL 
NUMBER OF 

SAMPLES 
AND QC 

SAMPLES 

TCL semvolatiles, 
pesticides, and PCBS 

Metals plus Cs, Li, Mo, Sn, 
Sr, pJU, =Ra, and 20 1 /20 21 
ZBRa 

TOC, mons,  pH, specific 
conductance, and oil and 20 1/20 21 
grease 

Fallout Radionuclides 50 1 I20 53 

20 1/20 21 Bulk density and particle 
size distnbution 

TCL semvolatiles, 
pesticides, and PCBs 

Metals plus Cs, Li, Mo, Sn, 
Sr, y3mU , a5U, P6Ra, and 
PBRa 

TOC, mons, pH, specific, 
specific conductance, and oil 
and grease 

20 1/20 21 

Fallout Radionuclides 50 1 /20 53 

20 1 I20 21 TCL Semvolatiles, 
pesticides, and TCBs 

I I I 

Metals plus Cs, Li, Mo, Sn, 
Sr 

1/20 = One QC sample per twenty samples collected 

I Only performed if equipment blank results mdicate contammation 
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6.0 DATA INTERPRETATION AND REPORTING 

This sechon descnbes the approach to data interpretahon and repomng The approach to 
repomng is followed by a more demled descnphon of the stahsbcal methods to be used to 
interpret and charactenze background soil chemistry 

6.1 OVERALL APPROACH 

Because of the demand for a bmely complebon of the background surface soils charactenzabon, 
a draft report of these efforts, the Phase I Report, wdl be expedited The results of the soil 
profile sampling acbvity will be reported later in the Phase II Report For consistency, the 
reports will follow the logic and structure of the Background Geochemical Charactenzahon 
Report (EG&G, 1993a), where applicable 

6.2 STATISTICAL METHODOLOGIES 

This sechon descnbes the stahsbcal methods to be used to charactenze the background sod 
chemistry at RFP, including preliminary data analysis and evaluabon of populabons Figure 6- 1 
illustrates the methodology for compubng background stat~sbcs 

6.2.1 Preliminary Data Analysis 

Avalable chemical data will be carefully reviewed in a mulb-step process to establish a reliable 
set of data upon which conclusions can be drawn, and to identify recumng sampling or 
analybcal problems that can be corrected in the future Chemical data will be validated upon 
receipt from the analybcal laboratory The validahon cntena and a definibon of vahdahon codes 
is provided in Sectron 7 3 8 These data and validated results will be stored in the WEDS for 
later retneval and use After the validabon background data have been retneved from WEDS, 
they will undergo evaluabon of data Usability which includes a review and interpretabon of field 
quality control data and assessment of DQO achievement Section 7 0 discusses data validabon 
methods and procedures for assessing data usability 
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Preliminary data evaluation will follow methods for 

Treatment of duplicates 
Treatment of non-detects 
Evaluation of data dismbubon 
Outlier detecbon 

The treatment of data that will be employed in this study, including cntena for charactenzing 
data as a non-detected (ND) value and for data cleanup after a WEDS download, are discussed 
in Appendix D 

6.2.1.1 Treatment of Duplicates 

Sample duplicates and analyt~cal replicates wdl be averaged for all analytes pnor to esbmabng 
univanate stahstics (Figure 6-1) If a detected and non-detected (ND) value compnse a duplicate 
pau, one half of the reported detection limit of the ND value will be averaged with the detected 
concentration The resultmg averaged value will be evaluated as a detected observabon 
Stabsbcal methods will be evaluated for their sensibvity to this averaging method Appendix 
D provides guidance on treatment of duplicate samples, data file consistency checks, and data 
cleanup exercises 

6.2.1.2 Treatment of Non-detects 

Three general techniques can be employed for the replacement of NDs in a data set simple 
subsbtution, probability plotting, and maximum likelihood esbmators (MLEs) Three 
subsbtution techniques are commonly used to replace N D s  replacement with one-half the 
detecbon limit, replacement with zero, and replacement with the detecQon limit Probability 
plotbng methods are descnbed in deml in Helsel and Cohn (1988) A common MLE is 
descnbed by Cohen (1961) and Sanford et al (1993) 
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Numerous studies, including Sanford et al (1993), Gilliom and Helsel (1986), Helsel and 

Gilliom (1986), Helsel and Cohn (1988), Newman and Dixon (1990), Newman et al (1989), 
Travis and Land (1990), and Lambert et al (1991), generally consider simple subsbtubon 
methods the least robust technique of ND subsbtubon when descnpbve stabstics are required 
from a data set However, this study wdl evaluate the suitability of each replacement method 
in the data analysis process A discussion of the replacement techniques and the effects of these 
replacement techniques on stahsbcal analysis results will be provided in the Phase I Report 

As illustrated in Figure 6-1, 80-percent NDs have been specified as the maximum percentage 
of NDs in a data set for uhlizing replacement techniques This cntenon follows general 
guidelines provided by EPA (1992), Sanford et al (1993), and Helsel and Cohn (1988) 
Maximum concentrahon, frequency of detecbon, and nonparametnc tolerance limits will be 
reported for analytes with greater than 80-percent NDs 

6.2.1.3 Evaluation of Data Distribution 

The data distnbubon of every analyte with less than 80-percent N D s  will be evaluated to 
facilitate outlier detecbon and to prepare for later stabshcal procedures (Figure 6-1) Assessing 
the normality of the data set will be done visually with probability plots, stem-and-leaf diagrams, 
and box-and-whisker plots Also, stabsbcal tests of the hypothesis that data are from a normal 
distnbuhon will be applied These tests are the Shapiro-Wilk stabshc (Shapiro and Wilk, 1965) 
and the Lilliefors test (Lilliefors, 1967) If the resulhng plots, descnpbve stahsbcs and test 
stabsbcs indicate that the data may not be normally distnbuted, the data will be log-transformed 
The distnbubon of the transformed data will be evaluated in the same manner The distnbubon 
that best fits the data will be used in subsequent outlier evaluation and stahsbcal tests Where 
data do not exhibit a normal or lognormal distnbubon, nonparametnc procedures will be 
employed to compare sample populabons 
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6.2.1.4 Outlier Detection 

An outlier is an extreme observation that does not conform to the pattern established by other 
observahons and is unlikely to be a valid member of the populabon of interest An outlier may 
be the result of an incorrectly read, recorded, or transcnbed measurement, an incorrect 
calculahon, an error in documentahon (field or laboratory), or an actual environmental 
condibon 

To evaluate the presence of outliers, the following procedure wll be applied 

The data, or logtransform data will be plotted on normal probability plots or box 
plots to idenhfy extreme values 

The single outlier test by Dixon (1953) or ASTM (1975) and descnbed in the RCRA 
guidance document (EPA, 1989b) will be applied Mulhple outlier teshng will 
follow Rosner ( 1975) 

The idenhfied outlier will be evaluated with respect to the histoncal data trend and 
laboratory condihons such as matnx interference in an attempt to idenhfy why the 
datum is aberrant 

A decision will be made on how to treat the outlier If the outlier resulted from a 
correctable error, the value will be changed, and the correct value will be included 
in the data set If an error cannot be idenhfied, the datum may be excluded from 
subsequent stahshcal analysis in the professional judgment of the stahstician or 
geochemist However, if one or more data points are excluded, the rahonale for the 
exclusion and effect of the exclusion will be discussed in the text of the report 
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6.2.2 Evaluation of Populations 

This subsecbon presents the approach and stabsbcal methods that will be used to establish 
appropnate populations for background soil chemistry results 

The following statisbcal definibons are in used in this secbon 

Observation is a measurement on the smallest sampling unit One chemical analysis 
or set of analyses is an observahon Although this observabon is based on a soil 
sample, a soil sample is not a stabsbcal term and should not be confused with a 
stabstical sample 

Sample is a small subset of the population taken to represent the larger populabon 

Populahon is a well-defined set of all possible observabons 

Subpopulabon is a well-defined subset of the populahon 

Multivanate is an adjecbve indicabng that there is more than one dependent vmable 
(analytes in the stabsbcal models) 

Univanate is an adjecbve indicabng that there is only one dependent vanable 

One of the most powerful stahstml procedures to test the hypothesis that several populabon 
means are equal is analysis of vanance (ANOVA) Parametnc and nonparametnc ANOVA will 
be used to evaluate the effect of the different soil types on the populabon for each analyte For 
pararnetnc ANOVA to be applicable, the assumpbons of normality and equality of vanance must 
be met That is, populabons from which samples are randomly sampled must not only be 
normal but must have equal vanances To assess the "homogeneity of vanance," Bartlett's test 
or Levene's test, as descnbed by Snedecor and Cochran (1980), will be employed 
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Nonparametnc ANOVA will be performed if the assumpbons of normality or homogeneity of 
vanance are violated A nonparametnc ANOVA evaluates differences in the mean rankmgs of 
the data (rather than the raw data or transformations of the raw data) for subsets of the data 
defined by levels of a classificabon factor The nonparametnc test used will be the Wilcoxon 
rank-sum test for a cornpanson of two levels and the Kruskal-Wallis test, an extension of the 
Wilcoxon rank-sum test, for cornpanson of more than two soil types A descnpbon of these 
nonparametnc techniques can be found in Gilbert (1987) 

Tables 5-2 and 5-3 list the analytes sampled as part of the background surface soil program 
Sources of vanability between soil types will be idenhfied for the metals In general, where 
significant differences are idenbfied in soil types, separate tables of summary stabsbcs wlll be 
reported for each new group For fallout radionuclides, the data collected at remote sites will 
be compared to the Rock Creek data set following the same procedure (without regard to soil 
type) as depicted in Figure 6-1 

6.3 CALCULATION OF DESCRIPTIVE STATISTICS 

Following the evaluabon of analyte populabons (Figure 6-1), the following procedures will be 
applied to calculate descnptive stabstics 

The maximum and minimum concentrabons will be idenbfied 

The percentage of NDs will be calculated 

The mean and standard deviabon will be esbmated 

Parametnc tolerance limits with 99 percent confidence and 99 percent of the 
background distnbubon will be computed if the sample distnbuQon is normal or 
lognormal 
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Nonparametnc tolerance limits and parametnc tolerance limits with 99 percent 
confidence and 99 percent of the background distnbubon will be computed if the 
sample distnbubon is neither normal or lognormal 

The informahon generated through applicahon of these procedures will be reported in summary 
stahshcs tables for each analyte A companson of descnptive stahshcs by replacement technique 
will also be presented Informahon regarding differences between data sets (1 e , soil types for 
metals) will also be reported and tabulated, if necessary 
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7.0 QUALITY ASSURANCE ADDENDUM 

This sechon consists of the Quality Assurance Addendum (QAA) for the BSCP This QAA is 
a supplement to, and must be used in conjunction with, the Rocky Flats Plant Site-Wide Quality 
Assurance Project Plan for CERCLA Remedial Invesngation/Feusibility Studies and RCRA 
Facility InvestiganonsKorrecnve Measures Studies Actiwties (QAPjP), (EG&G, 1990) The 
QAA establishes the site-specific Quality Assurance (QA) controls applicable to the inveshgahon 
acbvibes descnbed in the BSCP work plan 

As discussed in previous secbons, the BSCP work plan establishes a program for the 
charactenzahon of background soil chemistry for RFP Background soil data will provide a 
baseline agamst which RFI/RI soils data may be compared for idenbfying contaminabon at RFP 
OUs The BSCP work plan was prepared using Guidance for Conducting Remedzal 
Invesnganons and Feasibility Studies Under CERCZA (EPA, 1988) as a reference for the 
document format 

For consistency with the QAPjP, this QAA is organized by the Same 19 QA elements contarned 
therein 

7.1 ORGANIZATION AND RESPONSIBILITIES 

The overall organizabon of EG&G, EMD, and divisions involved in ER Program acbvibes are 
shown in Figures 1-1, 1-2, and 1-3 of Sechon 1 0 of the QAPjP Individual responsibilihes are 
also descnbed in SecQon 1 0 of the QAPjP The Project Management structure for the BSCP 
is illustrated in Figure 7-1 The BSCP project organizabon is illustrated in Figure 7-2 Project- 
specific roles from EG&G and the subcontractor are discussed in the following paragraphs 

The EG&G BSCP Project Manager and designated technical staff are responsible for the 
management and technical direchon of the project Input to this work plan has been provided 
by EG&G and input to the subsequent project documents is also anbcipated 
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Contractor responsibilibes for the BSCP include preparabon of all project dehverables, 
implementabon of the BSCP work plan, and providing technical support as requested by EG&G 
Project Management 

7.2 QUALITY ASSURANCE PROGRAM 

The QAPjP was wntten to address QA controls and requirements for implementmg IAG-related 
achvibes The content of the QAPjP was dnven by DOE Order 5400 1 ,  RFP SOP 5700 6B, 
and the IAG DOE 5400 1 and SOP 5700 6B both require a QA program to be implemented 
based on Amencan Society of Mechanical Engineers (ASME) NQA-1, Q d z t y  Assurance 
Requzrements for Nuclear Faczlztzes (ASME, 1989) The IAG specifies development of a QAPj P 
in accordance with EPA QAMS-005/80, Intenm Guidelznes and Specifications for Preparing 
Qualzty Assurance Project Plans (EPA, 1980) The 18-element format of NQA-1 was selected 
as the basis for both the QAPjP and subsequent QAAs with the applicable elements of QAMS- 
005/80 incorporated where appropnate Figure 2-1 of the QAQP illustrates where the 16 QA 
elements of QAMS-005/80 are integrated mto the QAPjP and also into this QAA Secbon 2 0 
of the QAPjP also idenbfies other DOE orders and QA requlrements documents which the 
QAPjP and this QAA respond to 

The controls and requirements addressed in the QAPjP are applicable to BSCP acbvihes, unless 
specified otherwise in this QAA Where sitewide acbons are applicable to BSCP acbvibes, the 
applicable secbon of the QAPjP is referenced in this QAA Thrs QAA addresses addibonal and 
site-specific QA controls and requirements that are applicable to BSCP acbvibes, but may not 
have been addressed on a sitewide basis in the QAPjP Many of the QA requirements specific 
to BSCP are addressed in the BSCP work plan and are referenced in this QAA 

7.2.1 Training 

This secbon addresses the project-specific tmmng requirements and QA reports to management 
The minimum personnel qualificabon and tmning requirements that are applicable to EG&G and 
subcontractor staff for RFP ER Program achvibes are addressed in Section 2 0 of the QAPjP 
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All EG&G and subcontractor staff worlang on BSCP invesbgabons will be mned in the specific 
EMD OPs that are applicable to their assigned tasks Project Managers will be mned by the 
EMD and are responsible for tmning subcontractor staff according to EMD Administrabve 
Procedure 3-21000-ADM-02 01, Personnel Tmning, using EG&G-furnished lesson plans All 
personnel tmning will be documented according to procedure 3-21000-ADM-02 01 

For the BSCP, EG&G EMD and subcontractor personnel will be mned in the BSCP work plan, 
the BSCP Health and Safety Plan (HASP) (in preparabon), and the EMD OPs referenced in 

Table 5-1 A m n i n g  matm (Appendix E) has been prepared by the EG&G BSCP Project 
Manager to idenbfy and document the trsuning requirements specific to the BSCP 

7.2.2 Quality Assurance Reports to Management 

A QA summary report will be prepared annually or at the conclusion of these acbvibes 
(whichever is more frequent) by the EMD Quality Assurance Project Manager (QAPM) or 
designee This report will include a summary of field operabons and laboratory inspecbons, 
surveillance, and audits and a report on data venficabon/validahon results. 

7.3 DESIGN CONTROL AND CONTROL OF SCIENTIFIC INVESTIGATIONS 

This secbon documents the following with regard to QA 

Design control 
DQOs 
Field sampling program and sampling procedures 
Analybcal procedures 
Equipment decontaminahon 
Quality control 
Quality assurance monitonng 
Data reducbon, validahon, and reportmg 
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7.3.1 Design Control 

The BSCP work plan descnbes the inveshgahon achvihes that will be implemented dunng the 
program Sechon 1 2 idenhfies the purpose and objechves of the inveshgahons, Sechons 5 1,  
5 2, and 5 3 specifies the sampling, analysis, and data generahon requirements as well as 
idenhfying applicable EMD OPs that will provide controls for the inveshgahons This section 
idenhfies the applicable QA requirements, analyhcal procedures, and control mechanisms for 
the project As such, the BSCP work plan is considered the inveshgahon control plan After 
the BSCP work plan has been approved by EG&G and DOE, any changes or revisions to the 
work plan will also by reviewed and approved 

7.3.2 Data Quality Objectives 

The DQOs for the BSCP inveshgahons are presented m Sectton 4 0 The DQOs for BSCP were 
established in accordance with the three-stage process descnbed in EPA/540/G-87/003 (OSWER 
Duechve 9335 em), Data Quality Objecnves for Remedial Response Actrvlties - Development 
Process (EPA, 1987), the Intenm Final Guidance for Planning for Data Collecnon in Support 
of Enwonmental Decision M&ng Using the Data Quality objecnves Process, EPA QAIG-4, 
(EPA, 1994), and Appendix A of the QAPjP Idenhficahon of data quality needs includes 
defining specific inveshgahon objectives, idenhfymg data uses, and selechng the types of 
samples and data that need to be collected The pnmary objechves for the BSCP inveshgatton, 
specific data needs, data uses, sampling and analysis achvihes, and DQOs were idenhfied in 

Sechon 4 0 
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Section 

7.3.2.1 Precision, Accuracy, Representativeness, Completeness, and Comparability 
(PARCC) Parameters 

This sechon discusses PARCC parameters and analybcal data requirements 

Data quality is typically measured in terms of PARCC parameters Precision, accuracy, and 
completeness are quantitatwe measures of data quality, while representatweness and 
comparability are qualitatwe statements that express the degree to which sample data represent 
actual conditlons and descnbe the confidence of one data set to another These parameters are 
defined in Appendix A of the QAPjP and summanzed as follows 

Precision is a measure of the vmabllity m repeated measurements of the same 
sample compared to the average value for all samples Precision objecbves for the 
analytes listed in Table 7-1 are as prescnbed in the method 

Accuracy measures the bias or source of error in a group of measurements, bias is 
an indicahon of the systemabc error withm an analyhcal technique Accuracy 
objechves for the analyhcal data collected for the BSCP will be evaluated according 
to the control limits specified in the referenced analyhcal method and/or in data 
validation guidelines 

Representatweness expresses the degree to which sample data accurately and 
precisely represent the charactenshcs of a part~cular site or populahon, parameter 
vanahons at a sampling point, or an environmental condibon Representatweness 
is also a qualitative parameter related to the proper design of the sampling and 
analysis program As descnbed in the DQO sectron (Secaon 4 0) and outlined in 

the FSP (Section 5 1 ,  5 2, and 5 3), sample location selecbon has been designed to 
represent environmental condihons applicable to each analyte group which can be 
found in the affected areas at RFP Sechon 4 3 descnbes the rabonale used to 
promote representatweness in samples collected for the BSCP 
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TABLE 7-1 

ANALYTICAL METHODS AND DETECTION LIMITS 
FOR BSCP SOIL AND SOIL PROFILE SAMPLIS 

DETECTION 
ANALYTE 
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TABLE 7-1 (CONTINUED) 

ANALYTICAL METHODS AND DETECTION LIMITS 
FOR BSCP SOIL AND SOIL PROFILE SAMPLES 
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TABLE 7-1 (CONTINUED) 

ANALYTICAL METHODS AND DETECTION LIMITS 
FOR BSCP SOIL AND SOIL PROFILE SAMPLES 
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TABLE 7-1 (CONTINUED) 

ANALYTICAL METHODS AND DETECTION LIMITS 
FOR BSCP SOIL AND SOIL PROFILE SAMPLES 
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TABLE 7-1 (CONTINUED) 

ANALYTICAL METHODS AND DETECTION LIMITS 
FOR BSCP SOIL AND SOIL PROFILE SAMPLES 

Dieldrin 

Endosulfan Sulfate I Table 23b I 160 
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TABLE 7-1 (CONTINUED) 
ANALYTICAL METHODS AND DETECTION LIMITS 

FOR BSCP SOIL AND SOIL PROFILE SAMPLES 

ANALYTE METHOD 

Radiochemistry is performance based per GRRASP 
laboratory must be denved from one (or more) of the referenced methods 

The procedures used by the 

Methods modified to accommodate soil matnx, detechon limits may vary 

Physical properhes testmg will be conducted by Iowa State University and wlll be 
consistent with previous invesbgahons by Litaor (1993b) 
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TABLE 7-1 (CONCLUDED) 

ANALYTICAL METHODS AND DETECTION LIMITS 
FOR BSCP SOIL AND SOIL PROFILE SAMPLES 

Sectlon 

P 

b 

C 

d 

e 

f 

I 

b 

I 

J 

k 

I 

Per GRRASP U S EPA Contract Laboratory Program Statement of Work for Inorganics Analysis, 
Multi-Media, Multi-Concentration, 7/88 (or latest revision) 

Per GRRASP U S EPA Contract Laboratory Program Statement of Work for Organics Analysis, 
Multi-Media, Multi-Concentration, 2/88 (or latest revision) 

Methods are from "Test Methods for Evaluation of Solid Waste, Physical/Chemical Methods," (SW- 
846, 3rd Ed ), U S Environmental Protection Agency 

Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-02, March 1983 

U S Environmental Protection Agency, 1979, Radiochemical Analytical Procedures for Analysis of 
Environmental Samples, Report No EMSL-LY-0539-1, Las Vegas, NV, U S  Environmental 
Protection Agency 

U S Environmental Protection Agency, 1976 Interim Radiochemical Methodology for Drinking 
Water, Report No EPA-600/4-75-008 Cincinnati U S Environmental Protection Agency 

Harley, J H , ed , 1975, ASL Procedures Manual, HASL-300, Washington, D C , U S Energy 
Research and Development Administration 

"Prescribed Procedures for Measurement of Radioactivity in Drinking Water, " EPA-600/4-80-032, 
August 1980, Environmental Monitoring and Support Laboratory, Office of Research and 
Development, U S Environmental Protection Agency, Cincinnati, Ohio 45268 

"Methods for Determination of Radioactive Substances in Water and Fluvial Sediments," U S G S 
Book 5, Chapter A5, 1977 

"Acid Dissolution Method for the Analysis of Plutonium in Soil," EPA-600/7-79-081, March 1979, 
U S EPA Environmental Monitoring and Support Laboratory, Las Vegas, Nevada, 1979 

"Procedures for the Isolation of Alpha Spectrometrically Pure Plutonium, Uranium, and Americium, 'I 
by E H Essington and B J Drennon, Los Alamos National Laboratory, a private communication 

U S EPA, 1987 "Eastern Environmental Radiation Facility Radiochemistry Procedures Manual," 
EPA-520/5-84-006 
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Completeness is defined as the percentage of measurements made that are judged to 
be valid The target completeness for both field sampling and analybcal data for the 
BSCP in 90 percent 

Comparability is a qualitabve parameter that expresses the confidence with which 
one data set can be compared with another Comparability between histonc surface 
soil data sets may be dependent on the sampling method used and the bme between 
sampling penods The RF method, which samples surface soils to a depth of five 
cm (two in), has been used at RFP since 1969 for determining Pu concentrabons in 
sod, for gathenng data for the ongoing environmental momtonng sod sampling 
program, and for RCRAKERCLA invesbgabons This method was developed for 
the rocky surface in the vicinity of RFP and is considered a compromise between 
determining total Pu inventones in the soil and providing informabon for assessing 
human health nsk through the inhalabon pathway Hence, it is concluded that the 
RF sampling method wll meet the comparabhty goals for this project To achieve 
comparability with surface soils data ublizing the RF and pit/trench methods, work 
wll be performed in accordance with approved plans, using standard analyhcal 
protocols, and approved standard EMD OPs for data collecbon Consistent units 
of measurement will be used for data reportmg 

The ObjeCbVeS of precision and accuracy are dependent on the analyte of interest, the analybcal 
method, and the QC that is applicable to the method Table 7-1 defines the analyt~cal methods 
and the required detection limits for the BSCP samples Achievement of PARCC parameters 
will be assessed for BSCP measurement data, as descnbed in the Evaluabon of ERM Data for 
Usability in Final Reports, 2-G32-ER-ADM-08 02 
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7.3.2.2 Analytical Data 

EG&G has established requirements for analybcal chemistry services for envuonmental samples 
collected 111 support of the RFP ER Program These requirements are established in Parts A and 
B of the EG&G Rocky Flats GRRASP The GRRASP requires analyses of EPA's TCL organics 
and TAL metals to be analyzed using EPA Contract Laboratory Program (CLP) methods and 
procedures The GRRASP also requires analyses of all non-CLP and radiochemistry parameters 
to be modified such that the analyses parallel the QC requirements of CLP-type analyses 
Therefore, all organic and inorganic laboratory analybcal data should meet the QC needs 
equivalent to analybcal level IV data Table 7-1 idenbfies the analybcal method, and the 
required detecbon limit for the BSCP samples 

Hntoncal measures of precision and accuracy for TCL volable and semi-volable organics and 
TAL metals have been estabhshed for CLP analyses These histoncal measures of precision and 
accuracy are referenced 111 Appendix B of the QAPjP and represent the objecbves for TCL 
organics and TAL metals for the BSCP. Appendix B of the QAPjP also references the precision 
and accuracy measures for radionuchdes that will be analyzed according to methods specified 
m Part B of the GRRASP These measures represent the objecbves that are applicable to the 
analysis of radionuclides for BSCP samples 

7.3.3 Field Sampling Program and Sampling Procedures 

The field invesbgabon program presented in the Field Sampling Plan (FSP) (Secbon 5 0) 
includes surface soil and soil profile samphng The FSP includes descnpbons of the two 
programs The first, chemical charactenzabon of surface soil matenal in undisturbed, 
ummpacted areas, is necessary to support RCRAKERCLA decisions Sampling wdl involve 
collecbng the top five cm (two m) of soil The second sampling effort, chemical and physical 
properhes charactenzabon of the upper one m (3 3 ft) of soil matenal for each of the major soil 
taxonomic groups at RFP, supports site-wide soils charactenzabon studies Soil profile 
invesbgabons will be accomplished via pit/trench samphng acbvihes The specific sampling 
plan, including sampling locabons, numbers of samples to be collected, and applicable EMD 
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Section 

OPs is descnbed in Secbons 5 1, 5 2, and 5 3 The field operabng and sampling procedures 
that will be used to control field sampling acbvibes are idenbfied on Table 5-1 

7.3.4 Analytical Procedures 

The analybcal program for the BSCP is discussed by samplmg actmty in Secbons 5 1,5 2, and 
5 3 The analytes of interest and corresponding analybcal methods, and the specified required 
dekcbon/quanbtabon limits are idenbfied in Table 7-1 The analybcal methods prescnbed are 
those that are specified in Parts A and B of the GRRASP These methods are referenced III 
Secbon 3 0 of the QAPjP as well as demled m Appendix B of the QAPjP 

7.3.5 Equipment Decontamination 

Non-dedicated sampling equipment (I e , sampling equipment that is used at more than one 
locabon) wll be decontammated between sampling locabons in accordance with EMD OP 
FO 03, General Equipment Decontaminabon Other equipment (e g , heavy equipment) 
potenbally contaminated dunng the pit/trench sampling acbvibes will be decontarmnated as 
specified in EMD OP FO 04, Heavy Equipment Decontaminabon 

7.3.6 Quality Control 

To venfy the quality of field sampling and laboratory analybcal procedures, the collecbon, 
preparabon, and analysis of QC samples are incorporated into the sampling and analybcal 
programs 

7.3.6.1 Field Quality Control (QC) Samples 

This secbon discusses field QC samples and laboratory QC procedures to support quallty 
venficabon 
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Section 

OPs is descnbed in Secbons 5 1 ,  5 2,  and 5 3 The field operabng and sampling procedures 
that will be used to control field sampling acbvibes are idenbfied on Table 5-1 

7.3.4 Analytical Procedures 

The analybcal program for the BSCP is discussed by sampling acbvity in Secbons 5.1, 5.2, and 
5 3 The analytes of interest and correspondmg analybcal methods, and the specified required 
detecbon/quanbtahon limits are idenbfied in Table 7-1 The analybcal methods prescnbed are 
those that are specified in Parts A and B of the GRRASP These methods are referenced in 

Secbon 3 0 of the QAPjP as well as demled in Appendix B of the QAPjP 

7.3.5 Quipment Decontamination 

Non-dedicated sampling equipment (1 e , sampling equipment that is used at more than one 
locabon) will be decontaminated between samphng locabons in accordance with EMD OP 
FO 03, General Equipment Decontaminahon Other equipment (e g , heavy equipment) 
potenbally contaminated dunng the pivtrench sampling achvibes will be decontaminated as 
specified in EMD OP FO 04, Heavy Equipment Decontaminahon 

7.3.6 Quality Control 

To venfy the quality of field sampling and laboratory analybcal procedures, the mllecbon, 
preparabon, and analysis of QC samples are incorporated into the sampling and analytxal 
programs 

7.3.6.1 Field Quality Control (QC) Samples 

This secbon discusses field QC samples and laboratory QC procedures to support quality 
ven ficabon 
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Section 

Field QC samples and collecbon frequencies for BSCP are discussed in Sectron 5 4 and 
idenhfied in Table 5-6 A specific samphg schedule will be prepared by the sampling 
subcontractor for approval by the EG&G Laboratory Analysis Task Leader (Figure 7-1) pnor 
to sampling Equipment nnsate blanks, which are collected and analyzed to detect cross 
contaminabon of samples due to inadequate equipment decontaminabon, are considered 
acceptable (with no need for data qualification) if the concentrabon of analytes of interest is less 
than three bmes the required detecbon limit for each analyte as specified in Table 7-1 Field 
duplicate samples collected and analyzed to provide an indicahon of overall sampling and 
analyhcal precision will agree within 35 percent RPD calculated as follows 

% RF'D = lOO(C1 - C2)/(C1 + C2)/2 

where 

RPD = Relahve percent difference 
C1 = Concentrabon of analyte in the sample 
C2 = Concentrabon of analyte in the duplicate 

7.3.6.2 Laboratory Quality Control Procedures 

Laboratory QC procedures are used to provide measures of internal consistency of analytrcal and 
storage procedures The laboratory contractor will submit wntten Standard Operating 
Procedures (SOPs) to the Laboratory Analysis Task Leader for approval The inter-laboratory 
SOPs will be consistent with or equivalent to EPA-CLP QC procedures The laboratory SOPs 
must cover the following areas in sufficient deml and reflect actual operabng condibons in effect 
dunng analysis of BSCP samples 
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Sample receipt and log-in 

Sample storage and secunty 

Facility secunty 

Sample traclang (from receipt to sample dispositlon) 

References for sample analysis methods 

Data reducbon, venficabon, and reportrng 

Document control (including submittmg documents to EG&G) 

Data package assembly (per Section III A of the GRRASP) 

Qualificabons of personnel 

Preparabon of standards 

Equipment mantenance and calibraQon 

Instrumentabon and equipment list (including purchase and installabon dates, model 
number, manufacturer, and service contracts, if any) 

Instrument detecbon limits 

Acceptance cntena for non-CLP analyses 

Laboratory QC checks applicable to each analytlcal method 
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Section 

Laboratory QC techniques to ensure consistency and validity of analyhcal results (including 
detechng potential laboratory contaminahon of samples) include using reagent blanks, field 
blanks, internal standard reference matenals, laboratory replicate analysis, and field duplicates 
The laboratory analysis contractor will follow the standard evaluahon guidelines and QC 
procedures, including frequency of QC checks, that are applicable to the analyhcal method used 
as specified in Parts A and B of the GRRASP and Sechon 3 0 of the QAPjP All data packages 
will be forwarded to the Laboratory Analysis Task Leader or delegate (Figure 7-1) for review 
and venficahon 

7.3.7 Quality Assurance Monitoring 

To ensure the overall quality of the BSCP achvities discussed, field inspechons, audits and 
surveillance may be conducted If performed, the intervals will be determined by the importance 
and complexity of each acbvity Intervals may also be based on the schedule conhned in 
Secbon 8.0. Each of the field sampling activibes descnbed in Secbons 5.1, 5 2, and 5 3 
potenhally will be monitored by an independent surveillance team at least once dunng the 
sampling process EG&G will conduct audits of the laboratory contractor(s) as specified in the 
GRRASP, Parts A and B The audits and survedlance, and achvity Readiness Reviews are 
discussed further in the QAPjP 

7.3.8 Data Reduction, Validation, and Reporting 

Reportrng turnaround times, data reducbon, data validahon, and data reportmg requirements are 
presented in the following subsechons 

7.3.8.1 Data Reporting Turnaround Times 

Repomng turnaround hmes for analyhcal data are as specified in Table 3-1 of Sechon 3 0 of the 
QAPJP 
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7.3.8.2 Data Reduction 

All field data will be recorded on field sampling data sheets andlor logbooks as specified in the 
appropnate EMD OP Field data will be controlled according to EMD OP FO 02, Field 
Document Control Reducbon of laboratory measurements will be in accordance with the 
methods specified for each analybcal method Laboratory data will be compiled into sample data 
packages by the laboratory contractor A sample data package will be developed for each 
Sample delivery group or sample batch, with separate data packages for each type of analysis 
(e g , a data package for organics, one for inorganics, and one for radionuclides) The Sample 
data package will consist of a cover shedtransmittal letter, a case narratwe, data summary 
forms, and copies of the data checklists found in Attachments I in Parts A and B of the 
GRRASP The reduced data will be used in the data validabon process to venfy that the 
laboratory control and the overall system DQOs have been met 

7.3.8.3 Data Validation 

Validahon achvities consist of reviewing and venfying field and laboratory data, and evaluabng 
these venfied data for data quality (1 e ,  companson of reduced data to DQOs, where 
appropnate) The field and laboratory data validabon acbvibes and guidelines are descnbed and 
referenced in Section 3 0 of the QAPjP The process for validabng the quality of the data is 
illustrated graphically in Figure 3-1 of Secbon 3 0 of the QAPjP, and is also included as part 
of the sample collecbon, cham-of-custody, and analysis process illustrated in Figure 8-1 of the 
QAPjP The cntena for determining the validity of ER data at RFP are descnbed in subsechon 
3 7 of the QAPjP 

The acceptance and review cntena for the following validabon standards are specified in the 
GRRASP The process for evaluatmg whether the cntena have been met are descnbed in the 
validahon funcbonal guidelines documents referenced previously The following three levels of 
data validity have been established for the ER activihes at the RFP 
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Valid - Data meets the following seven objecbve standards, where applicable 

- Analyhcal methods followed 
- Sufficient number and type of QC samples analyzed 
- Acceptance cntena for QC samples achieved 
- Detecbon limits achieved 
- Compounds and analytes correctly idenbfied 
- Equipmenthnstrument calibrabon cntena achieved 
- Sample holding bmes met 

Acceptable with Qualifications - Data meets most, but not all, objecbve standards 
All pnmary validabon cntena are achieved within acceptable limits (calibration, 
method requirements, compound and analyte idenbficahon) 

Rejected - Data fads to meet objecbve standards or fads to meet pnmary validauon 
cntena 

7.3.8.4 Data Reporting 

Depending on the outcome of the data validahon process or the status of data validabon, data 
are coded according to the definibons in Table 7-2 The results of the data validabon will be 
reported in ER Department Data Assessment Summary reports The usability of data (the 
cntena of which are also descnbed in subsectlon 3 7 of Sechon 3 0 of the QAPjP) will also be 
addressed by the BSCP Project Manager 
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TABLE 7-2 

DATA VALIDATION CODES 

CODE I DEFINITION 

J Estimated Result Yes 

A Acceptable Result Yes 

Note Those data qualified with a "U" but having vahdahon code of "JA" are shll non-detects 
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The following three levels of data usability are ublized for the ER Program at the RFP 

Data is usable for all purposes if all of the following cntena are met 

- 
- 
- 

Data quality is classified as valid 
All data quality objecbves are achieved 
All specific agreements and/or regulatory requirements are met 

Data is considered usable for some purposes if any of the following condibons 
occur 

~l I 

- Data quality is classified as valid or acceptable with qualificabons (Rejected 
data may be usable for some very limited purposes such as screening ) 
Not all data quality objecbves are achieved 
All specific program requirements are not met 

- 
- 

Data may be unusable if any or all of the following condibons are met 

- 
- 
- 

Data quality is classified as rejected 
Data quality ObjeCbVeS are not achieved 
Specific program requirements are not met 

7.4 PROCUREMENT DOCUMENT CONTROL 

Procurement documents for items and services, including contractor services for conductmg field 
invesbgabons, analybcal laboratones, and data validabon will be prepared, handled, and 
controlled in accordance with the requirements and methods specified in Sechon 4 0 of the 
QAPjP Items and services used in support of BSCP activibes will be procured according to 
instrucbons in EMD Administrabve Procedure 3-21000-ADM-04 01, Procurement Document 
Control 
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7.5 INSTRUCTIONS, PROCEDURES, AND DRAWINGS 

This work plan descnbes the achvihes to be performed in the BSCP This plan will be reviewed 
and approved in accordance with the requirements for instruchons, procedures, and drawings 
outlined in Sechon 5 0 of the QAPjP 

EMD OPS approved for use and their applicability are idenhfied in Table 5-1 Any addihonal 
quality-affectmg procedures proposed but not idenhfied here will be developed and approved as 
required in Secbon 5 0 of the QAPjP pnor to performing the affected achvity 

Changes and vanances to approved OPs and the BSCP work plan will be documented through 
preparahon of Document Modificabon Requests (DMRs), which wlll be prepared, reviewed, and 
approved in accordance with requirements specified 111 Secbon 5 0 of the QAPjP. 

7.6 DOCUMENTCONTROL 

The following documents will be controlleG in accordance with Sechon 6 0 of the QAPjP 

Rocky Flats Plant Background Soils Characttmat~on Program Work Plan 

Rocky Flats Plant Site- Wide Quality Assurance Project Plan for CERCZA Remedial 
Investigation/Feasibility Studies and RCRA Facility Investigations/Corrective 
Measures Studies Activihes (EG&G, 1990) 

EMD OPs referenced in Table 5-1 and any addihonal procedures not yet idenhfied 
that may be required to implement BSCP achvibes 

' I  
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7.7 CONTROL OF PURCHASED ITEMS AND SERVICES 

Contractors that provide services to support the achvities descnbed in the BSCP work plan will 
be selected and evaluated as descnbed in Sectron 7 0 of the QAPjP This includes pre-award 
evaluatron/audit of proposed contractors as well as penodic audit of the acceptability of 
contractor performance dunng the life of the contract Any items or matenals that are purchased 
for use dunng the BSCP inveshgahons that have the ability to affect the quality of the data will 
be inspected upon receipt 

7.8 IDE"ICATI0N AND CONTROL OF ITEMS, SAMPLES, AND DATA 

Idenhficabon and control of items, samples, and data includes a discussion of 

sample contamers 
sample idenhficahon 
cham-of-custody 

7.8.1 Sample Containers 

Appropnate volumes, conkunenzahon, and holding trmes for the BSCP soil samples are 
presented in Table 5-5 

7.8.2 Sample Identification 

BSCP samples will be labeled and idenbfied in accordance with Secbon 8 0 of the QAPjP and 
EMD OP FO 13, Contamenzing, Preserving, Handling, and Shipping of Soil and Water 
Samples Samples will have a unique idenbficabon code that traces the sample to the source(s) 
and indicates the media type, the sequenhal number for the sample, date of sample collechon, 
the samplerts), sampling method, and conditions prevaling at the trme of sampling An example 
sample number is SSOOOOlDM where "SS" indicates the media type is surface soil, "oooO1" is 
the sequential sample number, and "DM" is the subcontractor identificahon for Dames & 
Moore 
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7.8.3 Chain-of-Custody 

Sample cham-of-custody will be mantamed through the applicahon of EMD OP FO 13, 
Contamenzing, Preserving, Handling, and Shipping of Soil and Water Samples, and as 
illustrated in Figure 8-1 of the QAPjP for all environmental samples collected dunng field 
invesbgabons 

7.9 CONTROL OF PROCESSES 

The overall process of collecbng samples, performing analysis, and entenng the data into a 
database is a process that requires control The process is controlled through a senes of wntten 
procedures that govern and document the work achvibes A process diagram is shown in 

Secbon 8 0 of the QAPjP 

7.10 INSPECTION 

Inspection of BSCP activihes and items (including procured matenals and construction items) 
may be inspected in accordance with the requirements for inspecbons specified in Secbon 10 0 
of the QAPjP 

7.11 TEST CONTROL 

The BSCP does not include activibes which require test control 
requirements specified in Sechon 11 0 of the QAPjP are not applicable 

Therefore, test control 

7.12 CONTROL OF MEASURING AND TEST EQUIPMENT 

Control of Measunng of Test Equipment (M&TE) includes discussion of field and laboratory 
equipment for the BSCP 

P \EGG-RFP\Aree8\859\UPPText\Sec-7 BKG (October 4, 1994) 

~~ 



ENVIRONMENTAL RESTORATION PROGRAM Manual Number RFP/ERh4-94-00022 
Background Soils Charactenzation 
Work Plan FY94 

Section 7 0 Quality Assurance Addendum, Rev 0 
Page 28 of 32 

7.12.1 Field Equipment 

At present, field measurements dunng BSCP sample acquisition are not planned However, if 
field measurements (I e , high-punty germanium detector survey, fiddler survey) are performed, 
each piece of field equipment required will have a logbook for recording dally source checks and 
a file that contsuns. 

Specific model and instrument senal number 

Operahng instruchons 

Rouhne preventahve mamtenance procedures, including a list of cnhcal spare parts 
to be provided or avadable in the field 

Calibrabon methods, frequency, and descnphon of the calibrahon soluhons 

Standardizahon procedures (traceabihty to nabonally recognized standards) 

This informahon will, in general, conform to the manufacturer’s recommended operahng 
instruchons or will explam deviahon from the instruchons 

7.12.2 Laboratory Equipment 

Laboratory analyses will be performed by contracted laboratones The equipment used to 
analyze environmental samples will be calibrated, mammned, and controlled in accordance with 
the requirements contamed in the specific analyhcal protocols used as specified in the GRRASP 
Laboratones are required to submit calibrahon procedures to EG&G for review and approval 
Inihal and continuing calibrahons data for analytical equipment used will be included in the data 
packages submitted to EG&G by the laboratones 
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7.13 HANDLING, STORAGE, AND SHIPPING 

Handling, storage, and shipping include achvihes relevant to sample packaging, transpomng, 
and storage These achvihes wdl be conducted in accordance with EMD OP FO 13, 
Contamenzing, Preserving, Handling, and Shipping of Soil and Water Samples Maximum 
sample holding bmes, sample volumes, and sample contamers are specified in Table 5-5 

7.14 STATUS OF INSPECTION, TEST, AND OPERATIONS 

The requirements for the idenhficahon of inspecbon, test, and operabng status will be 
implemented as specified in Secbon 14 0 of the QAPjP A log specifying the status of all soil 
profile trenches will be mantamed by the Field Achwhes Task Leader 

7.15 CONTROL OF NONCONFORMANCES 

The requirements for the idenbficabon, control, evaluahon, and disposihon of nonconforming 
items, samples, and data will be implemented as specified in Sechon 15 0 of the QAPjP 
Nonconformances idenbfied by the implemenbng contractor will be submitted to EMD QAPM 
for processing as outlined in the QAPjP 

7.16 CORRECTIVE ACTION 

The requirements for the idenhficahon, documentahon, and venficahon of corrective achons for 
condibons adverse to quality will be implemented as outlined in Secbon 16 0 of the QAPjP 
Condihons adverse to quality which are idenbfied by the implementmg contractor, will be 
documented and submitted to EMD QAPM for processing also as outlined in Sechon 16 0 of the 
QAPJP 
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7.17 QUALITY ASSURANCE RECORDS 

QA records will be controlled in accordance with OPS-FO 02, Field Document Control QA 
records to be generated dunng BSCP achvibes include, but are not limited to 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

0 

e 

e 

0 

0 

Field Logs and Data Record Forms (e g , soil sample collechon notebookdlogs) 
Calibrahon Records 
Soil Profile (trench) Logs 
Sample Collechon and Cham-of-Custody Records 
Laboratory Sample Data Packages 
Work Plan/Field Sampling Plan 
QAPjP/QAA 
Audit/Surveillance/Inspechon Reports 
Nonconformance Reports 
Corrective Achon Documentahon 
Data Validahon Results 
Data Reports 
Procurement/Contractng Documentation 
Tmning/Qualificahon Records 
Inspechon Records 

All QA records generated dunng the planning, implementaoon, and closure of the achvihes for 
the BSCP will be submitted to the EMD Custodian for processing according to the EMD QA 
records system descnbed in Sechon 17 0 of the QAPjP 

7.18 QUALITY VERIFICATION 

The requirements for the venficahon of quality will be imp1ernen.A as specified in Sechon No 
18 of the QAPjP EG&G will conduct audits of the laboratory contractor as specified in the 
GRRASP, Parts A and B The EMD QAPM will develop a surveillance schedule with the 
surveillance intervals based on the importance and complexity of each sampling/analyhcal 
achvity Intervals will also be based on the schedule contamed in Secoon 8 0 of this work plan 

II 
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Examples of some specific tasks that may be monitored by the surveillance program are as 
follows 

Surface soil samphng 
Records management 

plt/trench installahons for soil profile sampling 

Data venficahon, validahon, and reporbng 

Audits of contractors providing field inveshgahon, construchon, and analytical support services 
wdl be performed at least annually or once dunng the life of the project, whchever is more 
frequent Audits are arranged by the EMD QAPM 

A Readiness Review wlll be conducted by the EMD QAPM pnor to the implementahon of BSCP 
field mveshgabon achvihes The readiness review will determine if all acovity prerequisites 
have been met that are required to begm work The apphcable requirements of the QAPjP and 
this work plan will be addressed 

7.19 SOFI'WARE CONTROL 

The requirements for the control of software wdl be implemented as specified in Sechon 19 0 
of the QAPjP Only database software is anhcipated to be used for the BSCP field sampling 
acbvibes Operating procedures applicable to the use of the database stonng environmental data 
can be found in EMD OP FO 14, Field Data Management It is antmpated that the following 
commercial or public domam software packages may be used for data analysis 
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dBase 
Quattro Pro 
SPSS 
Paradox 
Systat 

hbcrosoft Excel 
Gm-EAS 

I 
, I  
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8.0 SCHEDULE 

This sechon presents the schedule for complehon of the BSCP Figure 8-1 depicts the bar-chart 
schedule The schedule assumes that the work plan is approved by all partles by May 15, 1994 
Surface soil sampling is scheduled to begin in mid-May and conhnuing through July, 1994 Soil 
profile (test pit) sampling will commence following surface soil samplmg, and will end dunng 
early October It is anbcipated that a Phase I report, contaming all results of the surface soil 
sampling, wdl be completed dunng July, 1995 A Phase 11 report, inCOrpo~hng the mil profile 
results, is expected to be completed dunng early October, 1995 
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APPENDIX A 

INTORMATION FROM PREVIOUS INVESTIGATIONS 

The figures contamed in Appendix A depict surface soil samplmg 1ocaQons of relevant Pu 
studies, the vanabdity of U in surface sods, and the on-site surface sod samplmg locabons for 
analytes. 

Figure A-1 presents the locabons in northern New Memco and southern Colorado sampled by 
Purtymun et al (1990) The 1971 and 1974 locabons sampled by Hardy (1976) are shown in 
Figure A-2. Figure A-3 demonstrates Michels’ sampling IocaQons along three transects in the 
United States Great Plans McArthur and Miller (1989) collected soil samples throughout the 
western United States as illustrated in Figure A-4 Krey and Hardy (1970) collected soil 
samples from 33 sites near RFP as shown in Figure A-5 The eight communibes sampled by 
Lawton (1989) are presented in Figure A-6. Figure A-7 demonstrates the 28 sites where Poet 
and Martell (1972) gathered samples. Figure A-8 shows the sample locations in lands adjacent 
to RFP that were sampled by Illsley and Hume (1979) The CDH (Terry, 1991) collected 
samples from 18 sectors within a 6 2 km (10 mi) radius of the plant as illustrated in Figure A-9. 
In 1990, Western Technologies, Inc (1991) collected samples from approximately 478 acres of 
land wthin three gravel lease propemes located on the RFP West Buffer Zone (Figure A-10) 
The Radioecology Group from Colorado State University collected and analyzed data from five 
areas west of the plant designated as Plots GP, NW, FV, WC, and SW shown in Figure A-11 
A number of sampling studies have been conducted in the OUs presented in Figure A-12 The 
vanability of U in surface soils is illustrated in Figure A-13. The on-site surface soil locabons 
for analyte samphng are demonstrated in Figure A-14. 
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II APPENDIX D 

DATA TREATMENT ME"HODOL0GIES 

Appendur D summarues data treatment methodologies that wdl be by the BSCP 

CLASSIF'ICATION OF NON-DETECTS 

The manner is whch analyhcal results are classified as nondetects is dependent upon the analyte 
group. The followmg Qscusses nondetect classlficabon for donucltdes, orgmcs, and 
morgamcs. 

e All data for radionuclides should be used as detects, except for rejected data 
(Vahdabon = R). 

8 For orgmcs, the result qualrfier (entered m the Quahfier field) should be used 
to deteTrmne the percentage of nondetects. Nondetects for orgac  analytes are 
generally qualrfied "U", but other deslgnabons may also appear m the result- 
qualifier field. 

Posltive detecbons (1 e., "hts") of some common laboratory contarmnants such 
as acetone, methylene chlonde, and CeTtatn phthlates may mdicate contammabon 
if detected m the assoc1sLted laboratory blank; such sample results are designated 
as a "B" in the Quallfier field EPA guidance for data validation and risk 
assessment P A ,  1989a) mdicates that if the concentnibon of a common lab 
contarmnant m a sample is more than 10 times the concentrabon of the sample 
analyte m the assocmted blank, then the sample result is taken to be real (i.e., a 
"ht"), not attnbutable to laboratory contammbon. For other analytes that are 
not typically found as laboratory contarmnants, EPA gludance @PA, 1989a) 
states that if the concentrabon m the sample exceeds five bmes the concentrabon 
m the assoclated blank, then the sample result is taken to be real, not attributable 
to laboratory contammabon 

e For metals and other chemical parameters (morganics), it may be meffecbve to 
rely on the result qualifier alone. The following cntena have been employed to 
differenbate detects from non-detects, and are suggested as guidelmes for the 
data: 

D- 1 
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If the Qualifier field contams a "U", the result is used as a non-detect 
(i.e., censored data point). 

If the Qualifier field is blank and the result is greatex than the reported 
detecbon hmt, the result is used as a detected value, bamng mdence to 
the contrary. 

If the Qualifier field (for morgmcs) contains a "B", which in&cates that 
the result was above the instrument detecbon hmit (IDL) but below the 
contract requed detecbon hmt (CRDL), the result is used as a detected 
Vallle. 

Other characters may also be found rn the Qualifier field, and, barnng any 
other atldence to the contrary, these are generally accepted as detects 

All data should be d e w e d  graphically (nondetects and detects together) prior to the apphcahon 
of any statistical tests. This helps to flustrate any potential problems, such as high-value non- 
detects (e.g., nmdetect values reported as the value of the CRDL). If quesbons anse, EG&G 
wdl give pdance to the subcontractor after jomtly mewmg the graphcal presentauons of the 
data. 

PERFORMING DATA CLEANUP 

"Data cleanup" of RFEDS output is a task to make the data consistent. Thls consists of a bme- 
consuming series of steps (which should be documented by the data user) mcludmg the 
standarduabon of umts, standardmbon of geologic codes, standardmbon of locabons if the 
locabon deslgzuban has changed over bme, standarduabon of analyte names (usage has changed 
over the years), deletion of blank "form-generated" records for which no results are given, 
excluslon of QC data ( M S ~ ~ S ,  etc.) from the worhg data set, removal of any rejected 
(Vahdauon field = "R") data, replacement of non-vahdated records with comspondmg validated 
records (if available), wrrecbon of incorrect umts (e.g., pH should have "PH" as the unit, not 
"MGL" as the untt), treatment of DUP/REAL pars, appropnate use of diluted (DE) results, 
outher analysis, etc. 

Upon receipt of WEDS data, the user should venfy the field posibons of all vanables 111 the 
RFEDS ASCII output file. After venficabon, the ASCII file may be transformed mto data fields 
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for a specific software (e.g., SAS, Lotus, Excel, SPSS, etc.) to be used m the data mampulabon. 
It is recommended that the user create successive generations of the data files rather than just 
conmually updating the onglnal data file; thu nmphfies data analysis if back-trackmg is 
requlred for any reason. To create SuCCeSnve generabons of data files, the following procedure 
may be used. 

1 

2 

3 

4 

5. 

Create or@d  data files from RFEDS ASCII files; these files contain the cntueRFEDS 
data pull, mcludmg QC samples, rejected data, etc. 

In the second generabon of data files, drop QC samples (except DUPs of DW/REAL 
paus), rejected data, blank form-generated records, tentabvely idenbfied compounds 
(TICS), etc. 

In the RFEDS output format (i.e., for data extracted after February 21, 1994), the 
vahdated results, umts, quahfiers, and detecbon hmits urd automatically replace the lab 
results, umts, quahfiers, and detecQon hmts. The vahdabon code field ("Validahon") 
m&cates whether the datum is acceptable (Validahon = A, V, or JA), or rejected 
(Vahdabon = R), or other. 

Treat results from samples r e q m g  dllubon mcbwdually. Treatment of DIL data 
requues the data analyst to find the analyte(s) that necessitated the dilution; these should 
have a quahfier of "E" (for exaxdance of dbrahon range). The D E  results(s) for the 
E-qdfied analyte(s) should be used in the data analyas; other analytes may have results 
reported for the DIL sample analyns, but these results should be deleted if these analytes 
m the ongmal undiluted sample were NOT qualified as "E". 

Standardm locabon names and sod umts. Standardnabon of analyte names and umts 
are automabc m the RFEDS data output. 

From the second generabon of data fields created m Steps 2, 3, and 4, create a thud 
generabon of data file wth averaged DUP/REAL pars (change REAL value to the mean 
value of the averaged DUP/REAL par, then delete the DUP record). In the case of 
DUPs wth no corresponding REAL record, change "DUP" to "REAL". (NOTE: Prior 
to averagtng DUP/REAL pam, sort the data by LOCATION, SAMPLE NUMBER, 
SAMPLE DATA, and ANALYTE This should bnng together all exlstmg DUP/REAL 
P U S )  
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6. From the data files mated m Step 1 ,  create a separate field unth QC data for analysls 
of data quahty. Check the preclslon and accuracy parameters mcludmg RPD for 
D U P W  paus and blas from field or laboratory blanks. Assess completeness by 
calculatmg percent completelness of vahd and mvahd (vahdabon code = R) data pomt. 
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